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REMARKABLE BOILER EXPLOSIONS. 


“nw Sunday, January 16, 1881, at 51¢ P.M., a singular 
aceident took place in New York city, at the corner of 
Broxdway and Eleventh street, occasioned by the explo- 
sion of a sixty horse-power steam boiler, located under the 
street sidewalk on Eleventh street. 
the boiler pertained was the large and splendid edifice of the 
Methodist Book Concern. Eleventh street is sixty feet 
The sidewalks and gene opposite the place of 

a 


wide. 
explosion were covered with muc 
broken, 


each way from the boiler, was flaked with debris. The air 


was filled with the flying debris of iron, stone, bricks, mor- | five principal portions. The plan on the front page will assist | 


tar, and glass; the surrounding buildings were shaken as by 
an earthquake. When the clouds cleared away an immense 
hole was visible in the sidewalk, showing that one of the 
boilers used to heat the building had burst. The building 
measures 225 feet on Eleventh street, 75 feet on Broadway, 
and is five stories high. The principal lessees are James 
McCreery & Co., one of the oldest dry goods houses in the 
city. They occupy the main floor on Broadway, most of 
the basement, the larger portion of the second floor, and two 
upper floors, and employ about 250 persons in manufactur- 
ing and selling fine dry goods. The Methodist Book Con- 
cern occupy a space about twenty feet wide on Broadway 
and a part of the basement as a store for the sale of their 
publications 
room in the second story. 
pies the third story. 

The building was heated, and the freight and passenger 
elevators run, with steam generated in two boilers, which 
were placed under the sidewalk on the Eleventh-street side 
of the building 
6 inches ; 
inspected by the proper authorities in October, and certifi- 
cates granted for over fifty pounds pressure. It was the 
custom to bank the fires under the boilers every night and 
to keep them banked over Sunday, The engineer and fire- 
men were in the habit of attending on Sunday to see that 
everything was right. The boilers stood side by side, and 
it was the one nearest the street that exploded, The part 
that gave way was the crown of the dome, a circular piece 
about 3 feet 6 inches in diameter, in which was the man- 
hole, ab ut 15 inches in diameter. This crown was stayed 
to the boiler by eight stout iron braces, which remained 
attached to the boiler, all the ends of the crown piece hav | 
ing given way at once, leaving a clean edge to the fracture. 

Che force of the explosion was terrific. The hole made 
in the sidewalk was about fifteen feet square. The thick | 
iron rafters that sustained the sidewalk were shattered. | 
Huge blocks of the stone slabs were laid over the adjoining | 
pavements. Part of the man-hole plate was shot as if by a} 
cannon into a building across Eleventh street. Showers of 
iron scraps and bricks played havoc with the surrounding 
window-glass. Pieces of metal were shot upward through 
the iron coping of the building. Some of those who heard 
the noise say there were three distinct shocks. 

The most wonderful thing of all is that no one was in 
jured. There were several persons passing in both Elev- | 
enth street and Broadway. The Rev. Mr. Dexter was cov- 
ered with a shower of glass, but was not hurt. Four im-| 
mense plate glass windows in ‘the Broadway front of Mc- 
Creery & Co.’s store were blown out, and their fragments 
were strewn on the sidewalk and roadway. The window 
frames and glass on the building immediately over the 
boiler all the way up were thoroughly shattered. The large 
hotel at 11 West Eleventh street, on the same side of the 
way, was considerably injured by the breaking of the orna- 
mental iron scroll work on the front of the capacious fire- 
escapes, pieces of which were shot off by the flying debris 
and carried into the house 

The engineer, Samuel Rushworth, who has been in charge 
about ten months, said: “Ll have had charge of boilers off 
and on for twenty years. Iam a machinist by trade, and 
can give ample references as to my capacity as an engineer. 
lL eannot give the slightest reason why this boiler should 
have exploded. I thought it was perfectly safe. We banked 
the fires every night, as is common with such boilers every- 
where. Lalways came down on Sunday about two or three 
P.M., to see that everything was right. I came down as 
usual to-day. IL found everything all right and safe. There 
was only three pounds of steam—nothing to speak of—on 
the boiler that exploded. There was fifteen pounds on the 
other boiler. The fireman, Jim Harrigan, was an expe- 
rienced man. He was employed seven years in tiring on 
these boilers. He was down here to-day and attended to 
them as usual, but went away. Neither of us was here at 
the time of the explosion. I am sure that only one boiler 
exploded; that was the one with the three-pound pressure 
on that was used for the freight elevator. The other boiler, 
which is still good, was used mainly for the passenger ele- 
vator, and could be uged now, if necessary, as it is unhurt. 
[ have no suspicion that there was anybody tampering with 
the boiler. The watchman, Carey, was up stairs in the 
store at the time, and I do not think he would meddle 
with anything. The fires were left as they always have 
been, and I do not know of any reason why there should 
have been an explosion. I have attended boilers and en- 
gines in other places and never had an accident before. I 
was not obliged to come down on Sundays, but I always 
did it as a precaution, and to make sure that everything 
was right.” 

The cause of the explosion has not yet been ascertained, 
but it is believed that by some oversight the dampers and 
doors were left so that steam would rapidly generated, 
while the supply of water was cut off. 

We will now describe an explosion which lately took 
place in England, the particulars of which, with engrav- 
ings, we find in The Engineer : 

A most destructive and fatal explosion of the boiler of a/ 
traction or agricultural engine took place at Maidstone, 
Eng., at three o’clock in the morning of December 3, 1880. 
The steersman was killed and the whole engine as effectively 
blown to pieces as if charged with a quantity of gunpowder, 
considerable damage being also done to the AlJl-Saints 
Chureh, to the burial ground, and to a large carpenter's 
shop, opposite which the explosion took place, The en- 
gravings which we give herewith, prepared from copyright 
photographs by Messrs. Clarke & Co., of Maidstone, supply 
some idea of the destructiveness of the explosion; but they 
cannot show how completely every part of the engine has 
been destroyed, wrought iron being torn us though it were 
paper. and heavy cast-iron wheels and other parts broken 
up like pottery ware. The engine had proceeded with its 


Packard’s Business College occu- 
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load, consisting of two wagons, each loaded with about five | 
tons of manure, up the bill of Maidstone High street, and had 
turned down a narrow street, named Mill street, and had 
proceeded as far as the church and the carpenter’s shop, | 


They have their offices and a large meeting- || 


These boilers measured 16 feet by 14 feet | 
They were of the tubular pattern, and were | 


Here the man who led the way ahead of the engine with a 
lamp observed that one of the lamps on the engine was ex- 
tinguished, and went back to the engine, which was ee 
for relighting the lamp. The stoppage was but for a few 
| minutes, and on re-starting the engine, which made about 
| one revolution, according to the testimony of the driver, who 


The —s to which | lics in the hospital much injured, the boiler exploded with | to the disaster, but the way in whic 


| terrific force. The High street is a gradient of some a 
| ness, while Mill street is a similar descent, there being again 


|@ slight ascent to the church. The explosion was such that | 
nd much glass was | it is impossible to imagine any more complete destraction. | most of the threads have oanapes frum_the plates, and 
The street, for a distance of two hundred feet | The engine was an eigbt-horse power nominal, and was built | others most have gone from t 


three years ago. The explosion separated the engine into 
us to explain this, — only a rough sketch. At the time 
of the explosion the engine was nearly opposite the church, 
and on the left side is the carpenter’s shop, marked A. 
The explosion drove the tender and the hinder parts of the 
outer fire box, carrying the horn plates—to which are fixed 
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the bearings for the main driving axle and intermediate 
shaft—a little back. The remains of these parts are shown 
above. The fire-box, with most of the tubes, was blown 
out, shattered, and deposited in the road about 30 ft. 
further on, while the fore carriage and smoke-box plates, 
front tube plate, and shattered cylinder and other parts 
were deposited about 12 ft. in advance. The two larger 
pieces of the boiler shell were blown up and into the burial 
ground to the position shown, breaking several grave stones 
in A ar one stone slab being lifted from its seat and 
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which is often inadvisedly followed. This had been 
| by the proprietors, Messrs. Ellis & Uo., of Maidst 





| are the owners of, now, about twelve such engines, the 
| line of some of these studs this plate had torn, the 
of the studs being approximately as indicated. It 

difficult to say how far this yeaa ry have con 

the opposite plate i, 
| bent and bulged in, and other plates have been rent, j 
| that it was not the cause of the explosion. It is not 
| that but few of the stays have broken, while in some 


e stays. If the faul 
| had been very materially weakened or insufficiently 
rted by the stays the excess of pressure would 

ave been relieved here; but the complete destruction g 
other parts shows this was not the case. The tearing of th 
plates, particularly of the shell, indicates a powerful de 
structive force, which, being checked by stiffer 
tore the plates at those points just as guns go at the meeting 
places of thicker and thinner sections. Although, mom. 
over, we have spoken of the plates as being torn, they hayy 
the appearance in many places of being separated by a break. 
ing or shearing force, as though the active destructive power 
| Was too great and operated too quickly to permit of tearing 
| The driver has stated that he distinctly remembers fee 
|the engine lift first on the off side, and it is in support 
| this that the hinder part, to which the heavy driving whee, 
| are attached, is turned over on the near side, The oft wheel 
from that part of the bearing axle which is uppermost was 
evidently thrown up against the brick wall, which is cop. 
siderably damaged, and against which it dropped and 
stands. The axle, big as it is, is much bent. he piston 
rod, which still boids part of the crosshead, is bent over, ag 
shown, and the screws on the spring balances, which have 
been found, are so bent over in the fall under the weight of 
other parts as to prevent the removal of the nuts, so that 
these will indicate how the balances were screwed down, 
This explosion is tne which must have an important ip. 
fluence on the regulations under which these engines are 
worked, and there is now an enormous number of them inp 
operation, and in the Maidstone district they are almost as 
numerous as horses, one firm of owners alone 
thirty-five. These engines must by law be worked at night, 
when the men cannot see what they are doing, and there is 
no one to watch or supervise. Again, many of the men to 
whose charge these engines are committed, insted of bei 
certificated engine drivers, can neither read nor write, a 
in some cases cannot read the figures on the pressure gauges, 
This is so well known that a red mark is placed on the 
gauges at 100 lb. to indicate the pressure over which the 
engines must not work. Again, men are open to a fine of 
£10 if steam is allowed to blow off when passing through a 
town, and thus with boilers that have to work at 100 |b., 
the safety valves are set to blow off, as they leave the 
makers, at 110 Ib. The boilers are thus regularly worked 
at this pressure, and the ignorant drivers get the idea that 
if the valves are purposely set to blow off at 10 Ib. above 
what they are told they must work at, they may, if they 





shattered. One portion of the shell was blown nearer the 
church than the other. * Several large fragments were driven 
much greater distances, and the crank shaft was blown over 
the carpenter’s shop. The heavy gear wheels were broken 
to pieces, and parts of these and the other parts destroyed 
several yards of the brick wall between the burial ground 
and the roadway. The steersman was blown up about 


want, work at a good deal above that pressure. 
A SUCCESSFUL AQUEDUCT OF LEAD PIPE. 


By R. Frercner, Prof. of Civil Engineering, Thayer 
School of Civil Engineering, Dartmvuth College. 











30 ft. through a tree, where his coat was torn off him, and 
descended about 35 yards away, probably dead before 
he reached the ground, — the watch in his pocket was 
afterward found to be still going. The fine old stained 
glass window in the church facing the road was very much 
damaged, part of one of the eccentric straps still hanging, 
on Friday afternoon, on one of the iron bars of the window, 
while other projectiles entered the church, one piercing the 
organ case, 

In examining the remains of the engine, it seems evident 
that an enormous pressure must have been in the boiler. 
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RENT FIREBOX PLATE. 





Not only are the shell and outer fire-box plates torn in 
pieces, but the single butt strips with which the boiler 
plates are connected and the heavy plates at the fire-box end 
are torn in a remarkable way. In some parts the plates are 
rent through the rivet holes, in others along close to the butt 


| ties, 


INFORMATION relating to aqueducts of considerab!e magui- 
tude, i. ¢., exceeding six inches or a foot in diameter, is 
abundant and accessible, both as to theoretical requirements 
and practical details; but in the numerous treatises, 
‘* papers,” reports, etc., on water supply which are known 
to the profession, little or nothing is given in regard to lines 
of small magnitude, ¢. e., from six inches down to two inches 
or less in diameter, suitable for villages and small communi- 
Whatever practical experience has been gaived in 
various parts of the country is known, generally, only in the 
local circle of those directly interested. 

Undoubtedly there are many villages of a few hundred in- 
habitants in which the necessity for a systematic water 
supply is keenly felt, but the accomplishment of the desired 
end seems to be impracticable. Perhaps there are not a few 
where all conditions are favorable for securing this boon, 
except mistaken ideas concerning the magnitude, cost, and 
financial future of the undertaking. It may be that in many 
such cases, if definite results of experience in other commu 
nities could be made known, enterprising persons would be 
glad to execute what would prove a great public benefit, as 
well as a profitable investment for themselves. : 

With the hope of offering such incitement and of showing 
how readily such benefits may be secured, even on a small 
seale, the writer presents a brief history and description of 
an aqueduct line of lead pipe, one and a half inches in 
diameter, which has been in successful operation more than 
half a century. This service has required no expensive 
reservoir, no excessive outlay for maintenance, and has 

dividends on the investment. The village of Hanover, 
rafton Co., N. H., the seat of Dartmouth College, is situ 
ated on a terrace or plain about half a mile distant from al 
from 140 to 170 feet above the Connecticut River. The site 
is divided into two parts by a rocky ridge which culminates 
in ‘‘ Observatory Hill,” about 100 feet higher than the plain. 
On the west of this ridge some attempts to dig wells of 
reasopuble depth yielded no result, and those that have been 
successful aeeaelip give hard, disagreeable water. On the 
east side of the ridge are only a few wells which afford good 
water. Therefore the supply from wells was not adequate 
or satisfactory. Manifestly the altitude of the plain madeit 
im ible to draw from the river, except at an expense ndt 
to be thought of by a small community. The population 
probably seldom, if ever, reaches an aggregate of 1,000 per 
sons, including visitors and students in attendance at 
college and the professional schools. In former years the 
num of permanent and transient residents was not % 
as at present. Hence the problem was to secures 
sufficient but moderate supply of good water at 7 
which a small and not wealthy community could . 
After considerable investigation a sufficient source of supply 





strips through the whole plate. In every place where the 
steam. water, and dirt had. not blackened the fractured or 
sheared ed the iron could be seen to be of the best) 
quality e off side plate of the inside fire-box is bulged 
in from the crown downward about four or five inches, and 
almost all the stays are pulled through and gone away with 
the outside plate, while in the frout plate, in which is the | 


‘fire hole, the iron is bulged inward between every stay, the, 


stays being five inches oe. The near side plate is rent | 
from top to bottom, the lower part of this rent being 
—— ndicated by the annexed diagram. In this plate 
there had been one, or perhaps two or three short cracks, 
these and prevent their extension, about ten 
tapped in and riveted over in a manner 


and, to sto) 
studs had 


i was found, and the Hanover Aqueduct Associa 
ea tcae leennumned by an act of the islature of New 
Hampshire, Dec, 12, 1820. During the following ya the 

B. was. engpened wise. capital oes of $5,000 
divided into 50 Each share sold was 
deeded to the purchaser. The charter secured to the sem 
ciation the to dig a trench through any land whicb 
was necessary for the line to traverse, to reopen the trench 
for repairs, to change the position of the line, etc., rights 
dispensable to the laying and subsequent supervision of the 
aqueduct. During the sixty years of its existence the as 
ciation has met all expenses for maintenance, including &% 
casional extensive repairs, renewals, and enlargements, 
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income of from eight to ten per cent. on the in 


ized an bs 
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SOUKCE, 


The source of supply, to describe it in its present state, is 
a series of four wells or springs near the foot of a steep 
wooded hillside, where the soil is saturated with water over 
a considerable area. The association now controls 35 acres 
of the slope above and around the wells. : 
from four to six feet in diameter and from eight to twelve 
fect deep, lined with stone laid without mortar. From three 
of the wells the water 1s led to the fourth and lowest one, 
whence it passes into the aqueduct pipe through a strainer 
of sheet metal with fine perforations. These wells were 
never known to fail in the driest seasons, and there has 
always been a large amount of waste water, forming a con- 
<jderable rill, flowing from the a in the vicinity of the 
wells, since they were made. Itis proposed to retard and 
retain this surplus, if future demand should require, by 
pbuilding a deep trench wall of stone and cement along the 
foot of the slope and just below the wells, and thus to in- 
crease the reservoir capacity without great expense. 

THE LINE. 

This is about two miles long from the wells into the heart 
of the village. After leaving the main well the pipe de- 
scends about 60 feet in the first 1,000 feet, when it crosses a 
prook, which at this poiat flows over a bed of solid granite. 
The pipe is carried across in a box of plank, laid on the 
rock and held in place by large bowlders. Although this box 
is seldom wholly submerged, only when the brook is running 
very full, there has never been any trouble by freezing, even 
in the severe climate of this part of New England, where 
the thermometer sometimes indicates 35 below zero (F.). 
From this point we will describe the line as it was previous 
to October, 1880. 

After the above mentioned brook is passed the surface is 
much broken by knolls and gullies, so that a level line must 
ye very sinuous. The generation which laid the first line, 
moved perhaps by false notions of economy, or being very 
straitened as to means, made the course as direct as could be 
tolerated, and heroically surmounted the knolls and de- 
scended into the gullies, making thus, in course of a mile, 
several vertical bends in the pipe, and causing differences of 





level of from five to fifteen or twenty feet. About 6,000 feet 
from the springs the spur of what is called ‘‘Sand Hill” is 
passed, and the line then rapidly descends about 70 feet in 
the next 2,000 feet to the borders of the village. Here the 
pipe is about 110 feet below the springs. It then ascends 
nto the village about 50 feet to the highest point of delivery, 
80 that at such point the hydrostatic head from the springs 
is from 50 to 60 feet. 

5o large was the friction head, and so great the obstruc- 
” to flow caused by accumulation of air and other conse- 
quences of the faulty vertical alignment just described, that 
. re higher points of the villige there was occasional in- 
er erence with the regularity of delivery, even with a total 
— of 60 feet, a far less efficiency, indeed, than might have 
ee secured under the ordinary condition of the hydraulic 


tie 


— weight of the old pipe was as follows: 214, 3, and 4 
ge for heads, respectively, of 50, 80, and 95 to 110 
is f n those days it was made in short lengths of about 

aes; hence required a great deal of jointing. The weakest 
posts of the old line were the joints, which were not made 
with sufficient care and thoroughness. 


THE SERVICE OR OPERATION. 


in few years ago, in anticipation of an enlargement of 
ake rr of the aqueduct, the main line within the vil- 
~ imits was renewed by a two-inch pipe in place of the 
ne-and-a-half-inch before used. 
bias ae and service pipes have diameters of one-half 
~ — less.’ The system of delivery is that of gauges. 
whieh | eud of each service pipe is soldered a copper butt, 
a, has as uare termination detachable by means of a 
toadaait si; n this removable end is a small hole sufficient 
bed t le passage of a medium sized sewing needle. 
en oy allowance to each consumer, or one “share,” is 
lineout ons, but under ordinary conditions the actual de- 
* ee this amount. The consumer provides means 
Gites ye and storing the supply, generally by a good 
meste or Sreater or less capacity The ordinary require- 
of a small family usually leave a surplus so that a 


jed the amount of any accumulated surplus, it| temporary stoppage or deficiency in the flow. 
to pass dividends for one or two| where consumers require more than one daily share, and en- 


The latter are | 
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large cistern can be kept full when the line is in good work- 
ling order, and this reserve be made available in mes of 
D cases 


deavor to obtain it by tampering with the gauge, either b 
removing the end or enlarging the orifice, a tine is imposed. 
Formerly the higher points of delive were very sensitive 
| to any such interference, as a small diminution of pressure 
| would stop the flow there at once. In all cases of stoppage 
or interference of flow by accumulation of air, tampering 
with the line at one or more points, accidents, etc., the ser- 
vices of an overseer are called for to apply proper remedies, 
| This functionary, te acquired a thorough acquaintance 
with the line by years of service, generally is able to discover 
at once the cause of any difficulty. He makes occasional 
| inspections of the points of delivery, besides, so as to see 
whether all is in proper working condition. For all such 
Jabor the association pays him by the day or hour for the 
|time actually employed. The overseer acts under the 
|orders of a general superintendent, who authorizes what- 
The other officers are such as usually 


}ever is to be done. 
constitute similar organizations, and they serve without 
compensation. The number of ‘shares of water” fur- 
nished by the line at the beginning of the present year 
was about one hundred and fifty, each nominally forty gal 
lons per day. The charge per share was originally six 
dollars yearly, increased during several years past to eight 
dollars, but recently reduced to six dollars. 

The water is poe ber spring water, containing a sufficient 


mation of carbonate of lead upon the interior of the pipe. 
No case of lead poisoning has ever occurred in Hanover 
from the use of the water supplied by the aqueduct. 
Specimens of the old pipe which have been in use fifty-two, 
twenty six, and three years have this inner lining of in- 
soluble carbonate well developed, and careful weighing of 
old pipe which has been recently taken up does not re 


service, * 


riods 0 
A NEW LINE OF PIPE. 


The old line of one-and-a-half-inch pipe has not been 
adequate to the demands of the village for several years 
past. There was a continual waste of water at the wells, 





forming quite a rill even in dry seasons. Doubtless the de- 


livery would have been much larger through the same pipe, ! 
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HYDRAULIC RIVETER FOR SHIPS’ KEELS. 


| if a better profile had been adopted. The association deter- 


mined to relay the entire line with two-inch lead pipe, and 
this was successfully accomplished during September and 
October of this year. The means were obtained by increas- 
ing the capital stock from $5,000 to $10,000. Great atten- 
tion was paid to securing a good profile. ‘Throughout the 
mile of old line where the vertical bends were so numerous 
and frequent, the new line was laid practically level, 
although to accomplish this end it was found necessary to 
increase the length and at one point to dig the trench from 
eight to fourteen feet deep for about 300 feet. The weight 
of the pipe is seven Ib. per foot under a head of 60 feet, 
eight Ib. under a head of 60 to 80 feet, and nine Ib. per 
foot under a head of 90 to 110 feet. Cost of new pipe about 
62 cents per Ib., delivered upon the ground. Cost of dig- 


| ging trench and laying pipe, about $1.50 per rod, or about 


$9.90 per 100 feet. The wages of laborers, $1 25 per day. 
The average depth of trench, four feet. An entirely new 
trench was dug, as the old line could not be distur until 
the new line should be brought into use. No blasting of 
rock was necessary, but numbers of large bowlders were 
encountered and removed by a machine consisting of a com- 
bination of geared wheels suspended from a tripod and 
worked by an endless chain. The new pipe was delivered 
on reels in lengths of 100 feet, and rolled off froim the reels 
directly into the trench. The joints were made by swedg- 
ing one end and inserting the other chamfered end about 
iwo inches, and for each joint about six-tenths of a pound 
of solder was used. Iron pipe would have been cheaper as 
to the pipe itself, but would have cost more when laid. 
Moreover it presented objections, viz., too great rigidity as 
compared with lead, far more numerous joints, necessity 
for laying it in straight Jengths, rusting, etc. 

When the water was first turned into the new line the 
time required for it to traverse the first 6,000 feet, including 


|a descent of 60 feet in the 1,000 feet nenrest the well, an 





* Specimens of the old pipe, showing the inner coating formed as well 


after three as a: pry SAE, BOC of the 
1 Society of Civil Bagineers, 104 East Twentieth Street, New 
City. 


amount of carbon dioxide in solution to cause a rapid for- | 


veal any diminution of weight, even during the longer pe- | 





ascent of four or five feet at the brook, and 5,000 feet on a 
level, to the regulating valve on Sand Hill, was almost ex- 
actly half an hour. e last 3,000 feet to the valve on the 
outskirts of the village, including a descent of about 55 feet 
and a rise of about 30 feet, was passed by the head of the 
stream in a little more than 20 minutes. With the same 
velocity of flow as in the old pipe the capacity of the new 
would be to the old as sixteen to nine. Considering the 
diminished friction, improvement of the profile, etc., the 
least sanguine anticipation was that the new line would 
deliver between two and three times as much water in 
given time as the old line did; but the actual capacit 
proves to be even greater, from three to four times. Indeed. 
under full pressure the old gauges would furnish more than 
three times the usual allowance, and it has become necessary 
to keep the regulating valve turned down to within one 
turn of an entire closure, whereas nine more turns are 
required for a full opening. 

he old pipe was dug up at a cost of about 30 cents per 
|rod, or $1.80 per 100 feet, and netted about $1,000 for the 
entire Jine of 9,000 feet. 

There is reasonable expectation of an increase of 30 per 
cent, immediately in the number of consumers, and those 
who have undertaken this enlargement and improvement 
will receive substantial return, besides the pleasure derived 
from the conciousness of having directly contributed to a 
beneficent work to the lasting benefit m | the entire com- 
| munity. 
| CONCLUSION. 


Doubtless there are hundreds of villages throughout the 
country which are abundantly able to provide for themselves, 
in a similar manner, an equally good or even better supply 
of the best water. Wherever the proper conditions exist, a 
little energy and public spirit, exercised even by a few indi- 
viduals, will suffice to accomplish so desirable a reault.— 
Engineering News. 





HYDRAULIC RIVETER FOR SHIPS’ KEELS. 


Tue hydraulic keel riveter which we illustrate was one 
of the novelties seen by the members of the Institution of 
Mechanical Engineers, whev they visited Barrow-in-Fur- 
ness in August last. Everything at Barrow is ona large 
scale, and Mr. Humphrys, the manager of the Barrow 
Shipbuilding Company, has, in a thoroughly characteristic 


aN 


~~ 


= s 





and energetic manner, gone into the ag of hydraulic 
power as applied to shipwork on Mr. Tweddell’s well- 
known system, and although we confine ourselves at pres- 
ent toa notice of one machine only, peep the keel riv- 
eter, we trust at some future date to be able to lay before 
our readers full particulars of the extensive plant of hy- 
draulic machine tools in use at the Barrow Shipbuilding 
Compapy’s works. 

We will now proceed to describe the keel riveter as 
illustrated ou this page. In the first place a short length of 
tramway is laid under the vessel and alongside the keel, 
and upon this travels a bogie or carriage carrying the rivet- 
er. his riveter, as shown in the illustration, is attached 
to one end of a pair of levers, and is balanced by a counter- 
weight on the other end. Thus balanced the riveter is 
easily moved up and down as required te meet not only the 
varying heights of the keel from the ground Jevel, but also 
the different positions of the rivets themselves. The ar- 
rangement of levers is attached to a small carriage, which is 
free to travel inwards and outwards along a pathway on a 
species of turntable, and this turntable is supported on a 
large pin which is free to revolve on a socket on the trav- 
eling bogie or carriage. 

By this means the riveter can be readily moved to or 
from the keel bar, which is sometimes necessary owing to 
the rails not being laid — parallel to the keel, and to 
other causes, while the whole apparatus can be turned 
round on its carri 

It will be observed that there is a bandwheel behind the 
cupping die on the “hob” of the riveter; this turns a 
screw, which takes the thrust of the die upon closing 
rivet. By this means, when the hot rivet is put in, the 
screw being turned inwards, a slight pressure is to 
bear on the rivet head, and the machine is thus steadied in 

sition. Keel rivets, as is well known, have very shallow 

eads, the rivets also being countersunk, hence the neces- 
sity of some such contrivance as this to insure fair work. 
It will be observed that the riveting die is close to the top 
of the cylinder; this is a great advantage, since the gar 
board strakes often come nearly at right angles to the keel, 
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Fis. 1.—APPARATUS FOR RIVETING THE SIDES OF SHIPS’ HULLS. 






































Fre. 4—McKAY’S RIVETER. Fre. 7.—FIELDING’S RIVETER. 
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Fie. 10.—MACHINE FOR CURVING ANGLE IRON. 

















Fre. 9.—FIELDING & PLATT’S PRESS FOR : 
STAMPING IRON PLATE. Fires. 12, 18, anv 14—TWEDDELL’S RIVETER 


HYDRAULIC MACHINE TOOLS FOR SHIP-BUILDING. 





BREESE S4E SF EEE. \I 


BSeegerasgz 








RON. 





Fesrvary 5, 1881. 


SCIENTIFIC AMERICAN SUPPLEMENT, No, 266. 





4285 








ls of the large steamships City of Rome and Ser- 
aaeaoes others, have been riveted rd these —, 
and no one who has seen sections of the work done an 
their thickness would ever think of trusting to hand-rivet- 
ing for such important work. It is now many vears since 
we were the first to illustrate and describe Mr. Tweddell’s 
Is as to riveting ships’ keels and frames, etc., and 
we wust congratulate him on the gradual accomplishment 
of his ideas. i ; 
There are of course other be of applying hydraulic 
wer to keel riveting on Tweddell’s system, but this ma- 
chine we illustrate is the most recent, and it has been con- 
structed from the joint designs of Mr. Tweddell and 
Messrs. Fielding & Platt, the makers. —Hngineering, 





HYDRAULIC MACHINE TOOLS FOR SHIP-BUILD. 
ING. 


We give herewith an abstract of a communication made 
by Mr. Tweddell to the Society of Engineers and Ship 
Builders, of Scotland, on the application of hydraulic 
machine tools in the construction of naval vessels. The 
opposite figures show the principal types of apparatus 
described, and the most advantageous way of arranging 
them for use. é 

Mr. Tweddell’s memoir begins with a historical exposé of 
the applications of compressed water as a motive power. 
After mentioning the hydraulic engines of the Egyptians 
and the discovery of Pascal and Bramah, the author points 
out the use of a hydraulic lifting jack by Mr. Murray, of 
Leeds, in 1810, and the patent for an accumulator taken out by 


DR. SIEMENS’ GAS AND COAL FIRE GRATE. 


THE growing obscurity which distinguishes the winter 
atmosphere of London has disposed men to consider whether 
it is an indispensable evil connected with the use of coal in 
great centers of population, or whether means can be found 
of providing the warmth and comfort which the copious use 
of mineral fuel affords us without having to pay the penalty 
of dis ing with the solar ray, of finding ourselves and 
eve we touch covered with soot, and of occasionally 
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Sir Charles Fox in 1847, or three years before Sir William 
Armstrong made the first application of his accumulator. 
In 1845, in a patent on a steam riveter, Garforth pointed 


out that steam might be replaced by air or water under| : 


pressure. In 1846 May patented a hydraulic machine for 
punching and riveting, which, however, was not put to 
any practical application. Fox was the first to use a hy- 
draulic press for shaping iron and iron plate, and as a sub- 
stitute forthe steam hammer. As well known, numerous 
applications have been made of this method of making iron 
in France, England, and Austria since that time. In 1853 
Jobn Bourne patented a portable hydraulic riveter, but it 
had no more success than May’s. In 1864 Mr. Tweddell 
constructed a hydraulic apparatus for fixing the extremities 
of tubes in tubular iron plates, by the use of which sixty 
tubes per hour could be put in place. The following year 
he designed fora New Castle house a stationary riveter. 
The results obtained from this last machine, both from the 
standpoint of economy and superiority of work, assured its 
success, and it rapidly came into use in the government 
workshops und in large manufacturing establishments. The 
first application of portable riveting machines in naval 
workshops dates back to 1872, when they were employed 
for riveting ships’ frames by Messrs. Fielding & Platt, of 
Gloucester. One machine put in 1,000 rivets in ten hours’ 
time. Figs. 1 and 2 show the arrangement of the apparatus 
either for riveting frames lying flat on horses, or for rivet- 
ing lap-joints when the frames are mounted on the keel. 
To rivet the frames two stationary cranes, A A (Fig 2), may 
be employed. These carry the riveters, which work over 
the whole extent embraced in the swing of the jibs of the 
crane. A movable crane mounted on a car may also be 
used, and this may be moved around wherever needed. 
For riveting the sides of a ship the apparatus are sus- 
pended from the extremity of movable cranes located on the 
top of the walls of the dry dock (Fig. 1), or scaffoldings may | 
be employed on which are stationed the men who operate | 
the machines. However, the arrangements may be modi- 
fied in each case to suit the conditions under which the 
work has to be performed. In the movable crane carrying | 
ariveter (Fig. 3) the compressed water is taken from a 
metallic conduit placed under ground. Toa stop cock, A, 
are fastened the pipes, B and B, which, by spreading apart, | 
allow of the displacement of the crane. hese pipes con- | 
nect with a universal joint, C, which is counected with 
another like joint, E, by the pipe, D. From this point | 
starts the pipe, P, which carries the compressed water to 
Q, where two extension pipes, K K, lead it tothe hydraulic 
cylinder, G, which is carried by the car, F. The water 
under pressure finally reaches the riveter through the 
copper pipe, H. In the McKay riveter (Fig. 4) the two 
levers, Band C, work around a central axis, A, like the 
blades of a pair of scissors. Figures 5 and 6 represent | 
Arrol’s riveters. The second of these apparatus (Fig. 6) is 
analogous to the one employed by Mr. Tweddell in 1873 for 
riveting in place the trusses of Primrose Street bridge in 
London. In the Fielding riveter (Fig. 7) the hydraulic 
piston and its cylinder form an are, having for its radius 
the distance from the axis, A, to the axis, B, of the cylinder. 
The apparatus employed for riveting keels (Fig. 8) consists 
of acar, A, on which there is a pivot, B, supporting a turn- 
table. On the latter are fastened to the car, D, the levers, 
C, which carry the riveter, E. The riveter may be raised 
and lowered to put in place the different rows of rivets, its 
weight being counterbalanced by the weight, W. The rod, 
G, and the small eccentric, K, serve to keep the apparatus 
horizontal. This machine is now being used in the dock- 
yards on the Clyde for riveting the keels of large ships, and 
does its work much better than the same can be performed 
by the hands of workmen. Messrs. Fielding & Platt’s 
press for stamping iron plate (Fig. 9) consists of two braces, 
Aand B, to the lower of which is fixed a matrix, D, of any 
desired shape. When the movable part, E, descends under 
the pressure of the upper cylinder, the plate is enchased 
between the two parts of the matrix. In order to prevent 
the torsion or flexure of the plate there is adapted to the 
Upper part of the apparatus a second hydraulic cylinder, 
Which supports a table serving to keep the plate against the 
bottom of the movable part, E, while this portion of the 
matrix is descending. Mr. Tweddell believes that hydraulic 
machines must come into general use for punching, riveting, 
and cutting iron plate, since in water pressure apparatus there 
e no expense for motive power so long as the machine 
is not working uselessly, while in machines actuated by 
ts there is a constant loss of power in moving the driving | 
Shaft, the belts, and vacuum engines. 








Mica has been applied to a new use, that of fashioning it | 


cette soles to boots and shoes. The invention, ac- 
‘ng to the American Manufacturer, consists of a sheet 
mica imbedded in thin coatings of cement, and placed in 

t or sttoe under and adjacent to the insole, the 


Upper leather of the shoe lappi 

b ‘ ping over its edges, or next un- 
tart filing, or between the filling and the outer or bot- 
the instey 


instep, 


and covering the upper space from the toe to 


| grate a solid dead plate. t 
|as pumice-stone, I consider it far more economical and 
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a, Copper plate 44 inch thick and 10 inches wide at back of grate; 0, frill of 
with trap-door, ¢, for removing ashes; /, gas-pipe 


having, even at midday, to grope our way with a feeling 
akin to suffocation. 

I am decidedly of opinion that the evil is one which not 
only admits of remedy, but that its cure would result from 
a — attention to the principles of economy in the use of | 
fuel. ! 

Until within recent years wasteful expenditure was the 
rule both in the application of fuel to our large manufactur- 
ing operations and for domestic purposes, but great strides 
have been made within the last twenty years to improve our 
mode of burning fuel both under our steam boilers and in 
the metallurgical furnace. The regenerative gas furnace, 
which, was the subject of Faraday’s last discourse at the 
Royal [nstitutiov in 1862, has contributed its share to this 
result, combining as it does considerable economy with the 
entire absence of smoke from the chimney. 

Since by the employment of gaseous fuel results such as 
these are realized, there seems no d priori reason why 
analogous results should ‘not attend its application on a 
smaller scale, even down to the means of heating our apart- | 
ments, which, although a small application in each indivi- | 
dual instance, amounts, in the aggregate, to the largest of all | 
the uses of mineral fuel. 

Gas grates have been tried by individuals desiring pro- | 
gress, but I know several instances in which, on account of | 
the great comparative expense incurred, and objections ; 
or to the smell and dry heat, as it is called, in the room, | 
the time-honored smoky but cheerful coa) fires were rein- 
stated. 

A gas grate that was arranged in my billiard-room in the 
usual fashion, consisting of three air-gas-pipes with aper- 
tures distributed over the fire grate; and covered with pumice 
stone, presented certainly a cheerless appearance, and filled 
the room (notwithstanding a fair chimney draught) with 
fumes, rendering the benefit of the fire a doubtful one. 
These fumes could not have passed into the room from the 
upper surface of the pumice stone, owing to its proximity to 
the chimney; Lut a little consideration made me come to the 
conclusion that these gases really proceeded from the ash- 
pan into the room. The products of combustion set up by the 
gas flames ascend no doubt so long as they are intensely hot, 
but in giving off their heat to the inert pumice stone they 
rapidly cool, and being heavier than atmospheric air, de- 
scend through the grate between the lines of gas flames, and 
thus reach the apartment. Moreover the gas burot towards 
the back of the fireplace takes scarcely any part in provid- 
ing a red radiating surface in front of the grate, serving 
only to baffle the draught passing toward the chimney from 
the room. 

The first condition to be realized in an efficient gas grate 
consists in suppressing all gas orifices except immediately 
behind the bottom front bar, and in substituting for the 
Instead of using inert matter such 





efficacious to transfer the heat of the gas flames to gas coke 
or anthracite, which when once heated helps the gas to in- 
crease and maintain a sufficient temperature for radiation 
through its own slow combustion. he gas should not be 
mixed in the pipe with atmospheric air to producea Bunsen 





flame, as is frequently done, because by using the unmixed 
gas a rich flame is set up between the pieces of coke near 
the front of the grate, producing to the eye an appearance | 
similar to a well-ignited ordinary coal fire, and the hot car- | 
bonaceous matter through whioh it percolates insures its | 


entire combustion before reaching the chimney. Heat will, 
however, gradually accumulate towards the back of the fire, 
notwithstanding the suppression of the grate bars, and in 
order to obtain the utmost economy this heat shouid be 
utilized to increase the temperature of the gas flames and of 
the coke in front of the grate. 

To accomplish this I have constructed a grate according 
to the annexed sketch. The iron dead plate, c, is riveted to 
a stout copper plate, a, facing the back of the fire-grate, and 
extending five inches both upward and downward from 
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copper ,\ inch thick; ¢, iron dead plate riveted to plate a; d, angle plate 
about }4 inch diameter with holes 94 inch apart. 


the point of junction. The dead plate, c, stops short about 
an inch behind the bottom bar of the grate to make room 
for a half-inch gas-pipe, f, which is pomieuien with holes 
of about one-twentieth of an inch in diameter placed zigzag 
at distances of three-quarters of an incb along its upper sur- 
face. This pipe rests upon a lower plate, d, which is bent 
downward toward the back so as to provide a vertical and 
horizontal channel of about one inch in breadth between the 
two plates. A trap-door, ¢, held up bya spring, is provided 








for the discharge Of ashes falling into this channel. The 
vertical portion of this channel is occupied by a strip of 


sheet about four inches deep, bent in and out like a 
lady’s frill and riveted to the copper back —_ Copper 
being an excellent conductor of heat, and this piece preseat- 


in not less than a quarter of an inch thick) a consider- 
able sectional conductive area, transfers the heat from the 
back of the grate to the frill-work in the vertical channel. 
An air current is set up by this heat, which, in passing 
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along the horizontal channel, impinges on the line of gas 
flames and greatly increases their brilliancy. So great is 





the heat imparted to the air by this simple arrangement that | 


a piece of lead of about half a pound in weight introduced 
through the trap-door into this channel melted in five min- 
utes, provinga temperature to exist exceeding 619° F. or 
826° C. The abstraction of heat from the back has moreover 
the advantage of retarding the combustion of the coke there 
while promoting it at the front of the grate. 

The sketch represents a fireplace at my office, in a room 
of 7,200 cubic feet ey facing the north. I always 
found it difficult during cold weather to keep this room at 
60° F. with a coal fire, but it has been easily maintained at 
that temperature since the grate has been altered to the gas- 
coke grate just described. 

This heating arrangement is not, however, essentially neces- 
sary; in several of the grates which I have altered for gas I 
have simply closed up the space below the bottom bar by 
means of a close-fitting ash-pan, and introduced the gaspipe 
behind the lower bar, an alteration which can be effected at 
very trifling expense, and presents the advantage of great 
cleanliness, the ash-pan being withdrawn only at intervals 
of several days foremptying. The appearance of the fire, 
however, is in that case much less brilliant than when the 
hot-air arrangement is added. 

In order to test the question of economy I have passed the 
gas consumed in the grate through a Parkinson’s ten light 
dry gas-meter supplied to me by the Woolwich, Plumstead, 
and Charlton Consumer’s Gas Company; the coke used is 
also carefully weighed. 

The result of one day's campaign of nine hours is a con- 
sumption of 62 cubic feet of gas and 22 |b. of coke (the coke 
remaining in the grate being in each case put to the debit of 
the following day). Taking the gas at the average London 
price of 3s. 6d. per 1,000 cubic feet and the coke at 18s. a 
ton, the account stands thus for nine hours: 





62 cubic feet of gas at 3s. 6d. per thousand . 2604d 
22 lb. coke at 188. a ton ........... une . 2°121 
PN o.c0nsbd0tduncteennen . 4°725 


or at the rate of 0°524d. per hour. In its former condition 
as a coal grate the consumption exceeded generally two and 
a half large scuttles a day, weighing 19 1b. each, or 47 Ib. of 
coal, which at 23s. a ton equals 57d. for nine hours, being 
0°683d. per hour. This result shows that the coke gas fire, 
as here described, is not only a warmer buta cheaper fire than 
its predecessor, with the advantages in its favor that it is 
thoroughly smokeless, that it can be put off or on at any 
moment (which in most cases means considerable economy), 
that itis lit without the trouble of laying the fire, as it is 
called, and keeps alight without requiring to be stirred. 

It may appear strange at first that the use of the separated 
coke and gas to produce a given effect should be fully as 
cheap as using the raw material combining the two consti- 
tuents, but the solution may be found in the circumstance 
that in the case of the cote gas fire no heat flaxhes up the 
chimney, but is utilized entirely for raising the coke in front 
of the grate to the condition most favorable to radiation in- 
to the room, 


I hold that it is almost barbarous to use raw coal for any | 
purpose, and that the time will come when all our fuel will | 
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of the bent plate fastened to the lower grate bar, which 
| directs the incoming air upon the beating-surfaces. 

The front edge of the horizontal plate has vandyked open- 
| ings, (¢), so as to form a narrow grating, through which the 
| small quantity of ashes that will be produced by combustion 
| of the coke and anthracite in the front part of the gee dis- 
| charge themselves down the incline toward the back of the 
hearth, where an open ash-pan may be placed for their re- 
ception. 

n adapting the arrangement to new tes, the horizon- 

tal grating had better be dispensed with, and the casting 
with ite lower ribs extended downward, so as to find its 
fixed support between the back of the fireplace and the in- 
clined deflector plate. 

Mr. Fletcher speaks of the large amount of ashes that 
would be produced, but this amount can surely not be as 
great as in the case of a coal fire, seeing that the consump- 

| tion of solid fuel is reduced to less than one-half, of which 

| nearly one-half is anthracite, a fuel remarkably free from 
ashes. Neither do I participate in Mr. Fletcher’s fear re- 
| garding opposition on —— of housemaids, except it be 
from an apprehension on their part that, with Othello’s and 
the chimney-sweeps’, their ‘‘ occupation be gone.” 

The tendency of grate-builders of the present day, and 
also of your correspondents, appears to be to look for 

| economy to brick-linings which no doubt bave the effect of 
producing hot radiating surfaces. I maintain, however, that 
such radiation is obtained at too great a cost of fuel, and 
that superior economical results will, on the contrary, be 
attained by abstracting the heat from the back of the fire, 
and concentrating it upon the purely carbonaceous material 
in front of the same. 
| To illustrate my reasoning I may kere refer to an experi- 
ment which can easily be made of throwing a shovelful of 
bituminous coal into a steel melting furnace; the result is 
an instantaneous dispersion of the coal, accompanied with 
a powerful refrigerative action on the furnace. In con- 
structing gas producers I take advantage of hot walls to 
turn solid into gaseous fuel, and a fireplace with hot brick 
bottom and sides is very much in the condition of a good 
gas producer, giving out radiant heat no doubt, but com- 
bined with rapid distillation of combustible gases into the 
chimney. This action is made apparent in placing on the 
fuel towards the back of such a grate when in full glow a 
piece of wood, which will be seen to dwindle away rapidly 
without giving rise to flame, the atmosphere immediately 
over the glowing fuel being essentially a reducing one. 

In my grate the heat, on the contrary, is contined to the 
coke immediately behind the bars. in contact with the heat- 
ing gas flames and with the air of the room flowing in to- 
ward the chimney, whereas the coke at the back of the 
grate remains comparatively cool and unconsumed through- 
lout the day. The cold furnace back also means a cold 
chimney, and it is rather remarkable to observe that in the 
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sued. The contour of the top of the rock hes bees bin 
rately ascertained by sounding and diving through the 
and the carefully drawn map in the superintendent’s om,! 
| shows every indentation, so that the spots where the 
may be thin are known, and the men blast away withoy 
fear of bringing down destruction upon their heads. 


A ROCKY MAZE. 


There are ten tunnels running parallel with the current 
the river, and each of these at present is 600 feet 
These are crossed by thirteen shorter ones, the whole for, 
ing a sort of maze in which nothing could be easier than to 
get lost. Indeed the workmen themselves occasionally qo 
this. Only a sprinkling of these men are old miners, the 
greater number being young fellows from New York 
Long Island. Many of these, however, had some experience 
in the Hallett's Reef excavation, and they make good work. 
men, given an old miner here and there to note the character 
of the stone and guard against the dangers of its crumbly 
down. As the eyes become accustomed to the place a thick 
black rubber hose is noticed stretching along the floor of 
the narrow passages and emitting occasionaily a hissing 
sound as if it were some great serpent having its home jy 
this gloomy cavern. Through this the steam is conveyed 
which drives the drills. There are ten of these machines 
and each of them drills in the twenty-four hours abou 
twenty-five boles, four feet deep and two inches in diameter 
Thus 250 holes are bored every day. The blasting is done 
only in the evening, when the holes are charged and fired 
immediately, this part of the work occupying tiree or four 
hours. Frequently the c-ncussions put out the miner 
lamps, and residents of the river banks are treated to an oe. 
casional tremor. Getting on in this way about five hundred 
feet of tunnel is dug out per month. he stone is removed 
in cars run on tracks laid down as the tunnels are driven, 
hoisted up through the shaft, whence, by an ingenious auto. 
matic contrivance, it is dumped into scows. 


HOW THE STONE IS DISPOSED OF. 


The stone is disposed of in an odd way. Just north of 
Blackwell’s Island and between that and Flood Rock is ap 
| immense hole in the river bottom, and into this the débris jg 
deposited almost within a stone’s throw of the place 
whence it was taken. When this dumping was begun the 
hole was 126 feet deep, but the bottom seems to give way 
under pressure, for notwithstanding the immense quantity 
of rock thrown into it a sounding line 120 feet long 
failed to reach bottom. The only * parlous adventure” 
|encountered by the reporter during the underground trip 

was in connection with the moving of this broken stone 
along the tunnels. Carrying his tiny oil lamp rather care. 
lessly he backed up against something rather soft in the 
| darkness, and stretching out his hand, it touched the hind 
quarter of a lively mule! Three of these animals are used 

















| smoke or deleterious gases.—C. William Siemens. 
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case of the application at my office, a thermometer held | to draw the car loads of stone. They were lowered into the 
high up into the chimney showed a temperature of only | mine more thana year ago, and have never since been in the 
130° F., while the front of the grate was in a high state of | sunlight, but they seem to thrive, and the drivers say their 
incandescence. These, I maintain, are conditions most | kicking powersare undiminished. A good. dry stable has 
favorable to economy combined with entire absence of | been built for them in one of the main shafts, and they are 
well fed and cared for. Although the floors of the galleries 
are running streams, the roof rains and the walls are wet 
with ooze from the river bed, the air is not bad. Openings 








PROGRESS OF THE MINING OPERATIONS AT 


FLOOD ROCK, HELL GATE. 


THovusanps of passengers by the Sound steamers gaze 
every day with considerable curiosity upon a little island 
that has sprung into existence in the middle of the East 
River, at the upper part of New York City, opposite Astoria. 
Rough wooden puildings with hoisting apparatus and smoke- 
stacks cover the surface, and little clouds of steam puffing 
up here and there give the whole the aspect of an extensive 
manufactory. The spectator, who from the steamer’s deck 
| marks the white caps breaking round this island, little thinks 
| that deep down under his vessel’s keel there is & miniature 

city whose streets are filled with life and activity. Yet it is 

In first describing my plan I «lid not go into the question | there. The island is built upon the crown of Flood Rock, 
of cost of application; but having been since asked by grate | the most dangerous obstruction of Hell Gate, and deep down 
builders to advise them regarding the cheapest form of my | in its bowels the workmen of General Newton are digging 
grate and the easiest mode of applying it to existing fire-| and drilling night and day, oblivious of the tides that flow 
places, I have devised a form of application which leaves | and the vessels that come and go above their heads. Al- 
little to be desired, I think, as regards first cost. | ready they bave dug out of the solid rock more than two 

The arrangement is shown by the accompanying sketch, | miles of streets, four or five feet wide and seven feet high. 
and consists of two parts which are simply added to the ex- | The rock to be removed has a surface area of nearly nine 
acres, and this is intended to be finally demolished by a 
single blast. Already 783,000 cubic feet of stone have been 


be separated into its two constituents before reaching our fac- 

tories or our domestic hearths. Such a measure would not | 
only. furnish us with the complete solution of the smoke 

question, but would be of great value also as a money sav- 

ing. In conclusion I may observe that I have taken up this 

question without the idea of profit, and shall be happy to 

furnish builders and other desirous to introduce the grate | 
here described with the necessary indications to insure suc- | 
cess.—O. William Siemens, in Nature. 





FURTHER SUGGESTIONS. 





| taken out, making a great cavern, larger than was the fa- 
/mous one at Hallett’s Reef when it was blown up. 





plosives. 


fifty men each, carry the work through the twenty-four 
hours without interruption, day and night being alike in 
that hollow deep. 


| A REPORTORIAL VISIT. 


to visit the spot. 
dark and narrow shaft sunk perpendicularly into the crown 
of the rock. Ata depth of sixty feet the floor of the ex- 
cavation was reached. Three yards from the shaft in any 
direction the darkness was Cimmerian. In what seemed the 
vast distances the tiny lamps on the miners’ hats could be 
seen flickering, the wearers being invisible in the gloom. 
Pushing blindly after the superintendent of the miners, Mr. 
Bernard Boyle, who acted as guide, the visitor plashed 
through pools of water and stumbled over f ents 
of stone that covered the floor of the main heading. ater 
from the river above constantly trickled through the twelve 
feet of rock left as a roof; and fell with a noise like that of 
falling rain. This incessant pattering, mingled with the 
sharp noise of drills at work somewhere in the gloom, pro- 











duced a mournful sound that seemed singularly appropriate | 
to the place. Pausing under a spot where the water fell iu | of which its nature is susceptible. J 
ide holds up his smoking lamp | plicit description of the several operations comprising * 


isting grate, viz.: (1) the gas-pipe, (d), with holes of about 
}'s inch diameter, 1°5 inch apart along the upper side, inclin- 
ing inward, and (2) an angular plate, (a), of either cast or 
wrought iron, with projecting ribs, (b), extending from front 
to back on its under-side, either cast or riveted to the same, deep) presses the water with great force. This will need 
presenting a considerable area, and serving the double pur- careful handling, as the bringing down of even a small sec- 
pose of supporting the additional part on the existing grate , tion of the roof bere would let in the river and drown the 
and of providing the heating-surface pruduced by the cop- miners. The visitor is made nervous by the reckless way 

r plate and frill work in my first arrangement. In using in which the men seem to drill holes in the ceiling of the 
ron instead of copper it is necessary, however, to increase | tunnel. 
the thickness of these plates and ribs in the inverse ratio of | inches of the cruel river foaming over their heads? 
the conductivity of the two metals, or as regards the back yards further on a corner is turned, and there, near the ex- 
plate, from 4 inch to 5¢ inch. treme end of a beading, stands a surveyor with his instru- 

The arrangement will be rendered more perfect by the use | ment taking levels and indicating the direction to be pur- 


considerable volume the 


| to examine the fissure. he strata of the rock show a slight 





That | charge, as in the former case. 
great blast was made with 50,000 pounds of the highest ex-| credible quantity of explosives to be used he expects that the 
The blowing up of Flood Rock will require more | water will act as a cushion and prevent any damaging con- 
than 200,000 pounds, and people who were timid as to| cussion. 
the results of the former will probably leave the State when | 
|the new blast is to be made. Three “shifts,” averaging | 


seam, through which the weight of the river (twenty-six feet | 

| 40° to 45°, with a matter added for scouring the wool, § 

| a8 soap, soda crystal, or soda sult; the skins are stee 

| therein for about a quarter of an hour, and the bath is pr’ 

| served till it indicates 5° by the saline detecter. 

| of preserving the bath is to economize the scouring matters, 

How can they tell that they are not within a few | as the yolk of the skins which is liberated ameliorates f 
A few | bath in arepelan ne the skins are steeped 

| instance, a 

| from 1,200 to 1,500 skins. 

| %. The skins are passed to a pressing roller for extracting 


have been made for the purpose of producing draughts, and 
an immense fan is kept in motion at the main shalt, blow- 
ing out the air, From this opening, when the fan is in mo 
tion, a cloud of smoke constantly rises. It comes from the 
lamps of the miners. After an hour spent below the nos 
trils become filled with lampblack from this source. 


ON THE ROCK. 


On the surface of the rock is a blacksmith’s shop, in which 
the drills and picks are forged, a shop where the machinery 
is repaired, and a spacious boiler house, where the steam is 
generated which works the drills and runs the pumps that 
restore the water to the river as fast as it leaks in through 
the roof. When the work was begun the surface of the 
rock was submerged at flood tide, and it was necessary to 
build a coffer dam in order to sink the shaft. This accom: 
plished, the stone as fast as blasted was deposited around 
the shaft, and thus was built up the surface on which the 
present buildings stand. It is impossible at present to say 
when the tunneling will be finished and the preparations 
made for the great blast. Probably the summer of 1883 will 
witness the completion of the work. It is General Newton's 
intention to fire the entire blast simultaneously, as he did at 
Hallett’s Reef, and the tunnel will be flooded before the dis- 
Notwithstanding the in- 


= — 
MACHINE FOR MAKING VELVET SHEEPSKINS. 


In addition to having introduced an entirely new process 


for making velvet from sheep skins, M. Puech, of Mazamet.: 


France, has also invented improvements in the old method 


Through the courtesy of Captain Mercur, the assistant of | of preparing these articles for use as fur linings. The old 
General Newton, a Herald reporter was recently permitted | style of working = pape requires much time, and is 
Access to the mine was gained through a/| not always attend 


with success. According to this inven 
| tion the process comprises several operations, consisting e* 
| sentially in dipping the skins in a bath of hot water, (0 
| which is added soap, soda, salt, and so forth, for scouring 
| them; in pressing them sufficiently to extract the yolk 
impurities; in beating them successively on cach side, a0 
in simultaneously washing them in cold or tepid water; 2 
steeping them for a more or less length of time in a tep 
bath, to which is or is not added a bleaching substance, 4 
capable. if desired, of forming a dyeing bath; in drying 
them; in beating them forcibly, and in covering them with 
tanning matter, and in finally drying them. This rap 
and economical method admits of preparing the most difi- 
cult skins for tanning in the space of about two bours, @ 

| the wool acquires such a cleanliness that no further cleat 
ing is n to impart to it all the beauties and qualities 
The following is an e* 





complete process of this method: x 
1. A trough of hot water is prepared and maintained 


The object 


therein. 
th containing 1,325 gallons of water will scouf 
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vam dirty wool, and foreign matters, This operation 
he impala 4 and at the same time the yolk is conducted 
bath above mentioned. 


| 


3. Immediately after, and as quickly as possible while | 


the skins are hot, t 
of some kin ~ 
nalogous machine. 
the duty water, thistles, 
urify, scour, cleanse, and thoroughly wash the skins, 


fall between it and the drum. 


one another by means of the separators, 3,8, and the beater 
or agitator, ¢. These seven operations essentially constitute 
the novelty of the inventivn. 

8. A tanning substance composed ad hoe is immediately, 


hey are submitted to a beating machine | with a brush or mechanically, passed over the flesh side, 
d, Blaquiére de Bedarieux, for instance, or some | and the skins are thus left for twenty-four hours. If they 
This operation is intended to remove | are difficult to prepare the tanning matter is applied a 
burrs, and straws; in a word, to! second time. 

care | 
feing taken to allow an abundance of cold or tepid water to | after having admitted on the d 


§. They are now dried in the open air or by stove, and 
skin a little tepid water to 


soften the leather it is delivered to the workman to scrape 


In the accompanying drawings of a Blaquiére beater | the leather till it is quite clean, either by hand or mechani- 


(Fig. 1) the skin, P, is beaten between the cylinder, A, sup-| cally. 
plied with projections, and another drum, 6, furnished with | combed, and in this state the skin is ready 
During this mechanical operation a/ while if.it is a short wool skin intended for clothing the 


ddies or pallets. 


th. c, pours abundant water between the drum, 6, and the | combin 


cloth, d, supporting the skin. 


If the skin is meant for use as a rug the wool is 
for commerce, 


is not necessary. 
10. If the skins are to be bleached it is merely necessary 
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MACHINE FOR MAKING VELVET SHEEP SKINS. 


4 The skins are returned to the same machine for beating | to throw a little water on the wool side so as to damp 
them on the flesh side, so us to remove the superfluous flesh; | filaments, and the skins are left forty-eight hours in a 


the 


THE POLYTECHNIC ASSOCIATION. 


Tae Polytechnic Association of the American Institute 
held its regular weekly meeting on the evening of the 6th 
of January, Thomas D. Stetson presiding. 

A newspaper wy was read announcing a newly-dis- 
covered process for the preservation of dead bodics, origi- 
nated in Germany and patented there; but the patentee had 
been induced to abandon his patent and make it public 





property for the benefit of the world. A liquid was made 
y which the bodies were embalmed by being saturated and 
impregnated with it. Three thousand parts water, one 
hundred alum, sixty potash, twenty-five common salt, 
twelve saltpeter, and ten arsenic acid was made the first 
composition. Then to ten parts of this, four parts of 
glycerine and one of methylene were added. Bodies pre- 
served by this were alleged to fully retain their form, color, 
and flexibility for years. 
| In the discussion it was doubted that the color would be 
| preserved. There were compounds which would preserve 
uman bodies very perfectly if they could be thoroughly 
impregnated before decay had commenced. A company in 
this city, the New York Sanitary Company, furnish a fluid 
and instruments for applying it, by which the interiors are 
very thoroughly impregnated before decay commences. 
Then a moderate treatment on the surface with the same or 
other preserving fluid insures the preservation of the body 
in a high degree of perfection for a long period. The body 
of the well-known actor, Mr. Porter, who was killed in 
Texas, was preserved by the aid of this process, and 
brought to this city and seen by his friends at the funeral 
fourteen days after death, 

An account was read from Jron of a process of printing 
many colors at one operation, alleged to be in successful 
operation in France. A solid block was formed in mosaic 
of different colors, using blocks of pigments, all capable of 
being acted on by a chemical or combination of chemicals. 
A thick mass of this is mounted in the press, planed off 
smooth, and then wetted rapidly on the surface with the 
proper fluid, and the paper or other material placed thereon 
and pressed. A clear impression is thus obtained in all the 
colors, and in the case of textile fabrics the color goes com- 
pletely through their substance. After exposure for a brief 
period to heat, to drive off the fumes of the chemicals em- 
ployed, the work is finished. 

Mr. MacDonald said he had assisted in trying similar ex 
periments in this country. In those experiments glycerine 
was used, aud the printed impressions had the peculiarities . 
due to the presence of glycerine that they remained damp. 
The process, so far as he had known it, had been always a 
failure. The sharpness of the impressions would be satis- 
factory to some, but ‘not to a good printer, and the character 
of the work generally was inferior. 

Mr. Blanchard developed on the blackboard a mode 
original with him for computing the strains on the different 
parts of bridges. Eddy, Stoney, Dubois and others had 
analyzed with immense fineness, but their methods were too 
complicated. It could be done much more simply. The 
relative strains on every part were ascertained by geo- 
metrica] figures. The operation was rapid and sure, It 
was an improvemeut on the ordinary diagram for the de- 
composition of forces. The vertical strains were represented 
by horizontal rather than vertical lines, 

The discussion following developed singular anonialies in 
the failure of bridges. The Montmorenci Bridge near 
Quebec, after bearing immense loads for a long period, fell 
suddenly with nothing on it. It appeared that the fracture 
of wrought iron under continued strain was a gradual pro- 
cess, the catastrophe occurring as the result of a slow failure 
which had been initiated much earlier. Mr. Hudson re- 
ferred to the failure of the chain bridge across the Merri- 
mac River in 1826 after a heavy snow storm. 

The President referred to the great perfection which 
theoretical and practical science has been brought in modern 
bridge building, as exemplified in the costly East River 
Bridge, which, we hope, will prove, as it promises, a mas- 
terpiece of the art. He also mentioned the two famous 
bridges near each other at North Bangor in Wales—one, a 
suspension bridge, completed in 1825, before the superiority 
of small wire cables for such purposes had been established. 
Wires were immensely easier to stretch across one at a 
time, and were found much superior in strength for a given 
weight when completed. That bridge was built with what 
are sometimes termed pitch chains—bars of iron laid three 
or four abreast and knuckled together by transverse pins 
through their ends. It continues to be used for general 
carriage traffic. Near it is the famous tubular bridge engi- 
neered by Stevenson & Fairbairn, which carries the railway 
trains between Anglesea and the main island of Great 
Britain. Shipping moves under both bridges through the 
Menai Straits. 

An extract read from the editorial correspondence of the 
Philadelphia Prese of last summer developed a long con- 
versation. with one of the leading silk manufacturers of 
Lyons, in which he sadly admitted the competition, danger- 
ous to their industry, of Americans in the silk manufacture. 
In the discussion which followed it was stated that there 
are now about two hundred separate manufactories in 
America for woven and sewing silks. American manufac 
turers load their silks with less foreign matter, and make an 
article which is superior in wear but not as brilliant in 
gloss. Paterson and other points manufacture ribbons 
with eminent success, Hartford manufactures dress goods 
of somber colors superior to any in thy world. We import 
about 7,500 tons per annum of raw silk, and manufacture it 
here. The raw silk made in this country is slight. Wages 
are too high. It requires cheap labor, as in Italy, China, 
ete. Machinery has not yet succeeded in reeling cocoons. 

But immense areas of our country bave mild winters, 
and are every way favorable for the silk worm. We can 
raise cocoons and ship them abroad to be reeled and re- 
turned. We are producing cocoons largely in North Caro- 
lina and California. 

A r full of thought and facts, read by Professor 





Scrape and render the skins supple, clean them and remove | sulphur vapor chamber for bleaching. Bleaching may be | 
from the edges all the imperfections which have escaped | effected y Ivy’ means; for example, by putting the skins | 


eating on the wool side. 
like the first, in a minute. 
5. The skins are again steeped in a bath heated from 35° 
0 40° for about thirty minutes. This operation perfectly | 


This second beating is effected | in a cold 
| a bleaching substance, leaving them in it six hours, and con- 


h (after the fourth operation) added to which is 


uent operations as already described. 


tinuing the su } 
wh play ee to the bath of the| 


Finally, if the 


Opens the pores of the skins and prepares them for effica-| fifth operation is added the desired color, and the other | 


ey ey the tanning matter. 

» The skins are immediatel ssed under a pressing | 

Toller to dry them, aii : : 
7. The skins being still damp are beaten forcibly on the | 


Wool side by means of rods, or are submitted to a velveting | a lead of probably about three-sixteenths of an inch. 
is to! is no rule; it depends upon pressure of steam, size and form | 


machine, such as represented by Fig. 2. The ob 


stages follow as described. — Universal 





mien + i 


Tae valve of a hundred horse power engine should bave 


Taise the staples to inflate them, aud separate them from of opening, and velocity of the engine. 








De Volsen Wood, opened the main subject of the evening, 
the “‘ Relations of Machinery and Labor.” He held that 
the present era of machinery has induced great revolutions 
in Jabor and laborers, but the general effect is eminently 
beneficial. 

The farmers of Ohio opposed railroads in the belief 
that t!~y would diminish the demand for horses and oats, 
until it was shown that the introduction of railroads resulted 
in an price for both in every instance. A machine 


which made one man do the — of ten, at first sight 

peared to dispense with the la rs of nine, but labor is 
more constantly in demand and better paid than before 
machinery was introduced. A farmer’s wife in the West 
told him that their reapin 
number of men to feed 


machine, by reducing the 
uring harvest, had lightened her 
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work more than her sewing machine. The increased pro- 
duction of the earth must result in greater wealth to the 
world. Fifty thousand reaping machines involve, in the 
first instance, a quickened demand for metal, wood, skilled 
labor, and means of transportation. It calls for buildings, 
clerks, and agents, The wealth it produces calls for build 
ings, stock, carpets, music, books, and works of art. Thus, 
apparently unconnected branches of business are benefited 
by the reaping machine 

The discussion following questioned one proposition: It 
was doubted whether the reign of machinery tended to 
narrow the faculties by confining aman to one branch of 
labor. Formerly a long appreuticeship trained the faculties 
to the production of a wrought nail ora pin head, and 
there stopped. The apprentice system is gone. There is 
danger from its absence, but so far, in America at least, the 
intelligence developed by the schools, general and technical, 
have successfully taken its place, and all are mobile. Our 
great manufactories, with their hum of machinery, are 
schools to every young man, and warn him that he should 
be ready for emergencies. We have no indolent rich, no 
idle class except the tramps, and they are disappearing. 
All can, and do, work with head or hands, and nearly 
all can change successfully from one business to another 
with only three weeks of special training. 






























PHYSICS WITHOUT APPARATUS 


Tue following are a few miscellaneous experiments 
which may be easily performed to illustrate various subjects 
in physics: 

o show the production of sound by vibrations in sonorous 
bodies, the easily-constructed musical instrument known as 
the harmonicon may be employed. This consists of a 
number of glass goblets placed on the bottom of a box 
which acisas a sounding board. The goblets are attuned 
to each other so as to form a harmonical scale, by filling 
them to different heights with water. The glasses are 
made to vibrate by touching the edges with the wet finger, | 
and their tunes may be thus prolonged and made to swell 
or diminish like those of the violin. The same effect in 
playing a tune may be produced by striking the glasses with 
a rod (Fig. 1), but the sounds are not so agreeable as those 
obtained by the wetted finger. This simple contrivance, 
invented by Franklin, affords music which for sweetness, | 
delicacy, and smoothness is hardly surpassed by that of any | 
other instrument. The common Jew’s-harp affords 
another simple illustration of the same acoustical pbenom- 

* enon. When the tongue of this little instrument is struck 
its vibrations can be distinctly seen. The different sounds 
which it emits when in use depend upon the vibration of 
the currents of air blown across its tongue by the player, 
and upon the relative position of the lips and instrument 
An experiment for showing the production of musical 
sound by flame may be performed in a very simple manner, | 
and has long been known by the name of the chemical har- | 
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explain how this is to be done. Now, by interposing this 
card between a strong light and the wall of a room or a 
screen, we will obtain the effect shown in Fig. 3, provided 
the card is held close tothe screen. By gradually drawing 
it toward the light, however, we will obtain the effect shown 
in Fig. 4, a more artistic appearance, due to the penumbra. 
The atmospheric pa caused by refraction and 
total reflection of light, and known as the mirage, may be 
beautifully imitated by arranging in «a vessel with glass 
sides (say a very small aquarium) three clear liquids, one 
above another, such that the middle liquid, while interme- 
diate in density, has the highest density of refraction. For 
the lowest liquid a saturated and filtered solution of alum 
may be used, pure water for the highest, and clear whisky, 
with white sugar dissolved in it, for the intermediate 
liquid. The alum solution should be introduced first, then 
the water, and lastly the sugared whisky. The latter should 
be introduced carefully in sufficient quantity to form a 
layer about a quarter of an inch thick. With this simple 
apparatus, say about six inches square, very distinct triple 
images (the middle one inverted) may be obtained of all the 
objects in a landscape. ‘‘ Newton’s rings,” which are due 
to the mutual interference of light reflected from the two 
surfaces of a thin film, may be shown by letting fall a 
drop of oil on the surface of clear water, when it spreads 
out into a thin film and exhibits golden fringes. The halos 
which occasionally surround the sun and moon when light 
fleecy clouds pass over them, and which are due to the re- 
fraction and interference of light as it passes through the | 
latter, may be shown experimentally by spreading a few! 
drops of a saturated solution of alum on a piece of window | 
glass so as to crystallize quickly. Upon iooking at a lumin- | 
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—— 
to the same category as the one last-mentioned, and to p, 
explainable in the same way: To the base of a 
fix three | ins so as to form a sort of tripod. Into the 
upper end of the cork insert a fine knitting needle, and on 
the top of the latter balance a sheet of paper, as shown at 
Fig. 5, at A B. We will thus have twosurfaces of paper caps. 
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Fie, 6.—RODS FOR SHOWING COMPARATIVE DENSITY OF THE METALS. 


ous body through this layer of crystals (which are so small 
as to be scarcely visible to the eye), with the uncoated side 
of the glass next the eye, “ree fine halos will be perceived 
encircling the source of light. The phenomenon of phos- 
phorescence may be very simply and beautifully shown by 












Fre 


monicon: Take a long glass tube tapering off nearly to a 
point at its upper end, and, having placed it over an ordin 
ary gas jet, turn on the gas and light it as it issues from the 
pointed end of the tube. When a glass tube, open at both 
ends, is held so as to surround the flame, a musical tone is 
heard, which varies with the dimensions of the tube, and 
often attains considerable power. The singing of the flame | 








Fre. 2.—CARD CUT TO SHOW 


UMBRA AND PENUMBRA. BY THE C 


tion within the tube. 

To show that actual sources of light are not mere lumin 
ous points, but have finite dimensions, the following inter- 
esting experiment illustrating the phenomena of the umbra 
aud penumbra may be tried. Draw ou a piece of cardboard 
any object (a human face, for example), and, havin put in 
the proper shades, cut out with a sharp pen-knife all those 
parts that are to appear light. The model in Fig, 2 will 











1.—EXPERIMENT WITH THE HARMONICON. 


is due to the vibration of the air and products of combus- | of an inch above the lower disk. B 
tube the lower disk will unexpectedly lea 





rubbing together two pieces of lump sugar, or breaking a 
lump in the dark. 

A curious experiment, showing atmospheric pressure by 
currents of air, may be performed as follows: Cut out two 
circular disks of card-paper about two inches in diameter, 
and insert a quill or other small tube in the center of one of 
them. Place the upper disk with its tube about a quarter 





Fre. 4 PENUMBRA PRO 


ARD. JECTED BY THE CARD. 


same quantity of matter. 
bulk is called density. 
density of solids (metals, for example), a cylindrical broom 
handle may be cut into sections, having the proportions 
| shown in 

| drical rods representative of the volumes of the different 
| common metals proportionate to their densities—that 1s, 
| having the same weight. 
| as to imitate the colors of the metals which they represent— 


8 8 


Fie. 8.—UMBRA PROJECTED 


ble of revolving about their axis at the slightest breath of 
air. Now, if one of these surfaces, A, for instance, be 
fanned with a stiff piece of cardboard, it will, instead of 
being repelled (as one might suppose), be attracted. The 
reason of this is that a slight vacuum is produced in front of 



































Fic. 5—ROTATION OF PAPBR BY ATMOSPHERIC 


PRESSURE. 


the card, and the pressure of the atmosphere on the opposite 
surface thrusts it in the direction of the extemporized card- 
board fan. 


Bodies with the same bulk or size do not always possess the . 
The proportion of matter to the 
To give an accurate notion of the 


Fig. 6. We will thus have a collection of cylip 


These rods might be painted 80 


latinum, gray; copper, red; gold, yellow; iron, black, ete 
y reference to the figure it will be seen that the sodium 


| 

|rod is more than twenty-one times longer than that of 
| platinum; but each, although of a different size or volume, 
} 


ssesses the same weight. The rods here figured are ip 
ength about one-tenth that which they should really have 
n wood for a public course of lectures or a demonstration 


before a class. 


STEEL PAINT. 
A NEw invention has just been introduced into the Cleve 


jland district, viz., the manufacture of paint from ste 
| scale for the protection of iron and steel from corrosion 2 
| any position and in any climate. 
blowing through the Johr 
up and adbere | Bowesfield, England. They obtain from the steelworks at 


Messrs. Henry Portersad 
1» Thomas have established a factory for this industry 


to the upper one; and the harder the blowing the firmer it | Eston and elsewhere the scale that falls from the steel as it 
will stick. If the apparatus be inverted, the card cannot be} is passing through the rolls, and this, by their special ma 
blown off. The reason of this is, that the blowing drives |chinery, they grind until it becomes as free from grit ® 
the air out from between the disks and diminishes the pres- | flour, and then it is intermixed with boiling oil and coloring 
sure of the air on their inner surfaces; thus allowing them | matter. Thus we have steel structures painted with 

to be forced together by the balance of atmospheric pressure | The paint is of two kinds—the anti-corrosive paint, for us 
without, The following curious experiment appears to belong | above water to prevent structures from rusting, a0 
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coameating paint for use under water, to prevent animal | is converted by the action of nitrous acid into nitrosoxindol. 
or vegetable life from attaching themselves to ships’ bot- | On treating this with nascent bydrogen it is transformed into 
The inventors say that if painted | amidoxin ol, and this yields qn oxidation isatin, the con- 


omsand ober ironwork. - nido 
wth two coats of the composition, a vessel may go to India | stitution of these bodies being expressed by the toliowing 


vy Australian and return a a — wa ony 4 ——_ formule: 
sses cannot live in the vicinity of the paint. ar 
ad sranti-corrosive paint is concerned, it will in the long woneHICNO) AHN EL ) 7) 
tt be cheaper than gas-tar for covering blast furnaces, an C.H.<>00O C.H.<>0O : C,H.<>CO 
it will certainly more effectually prevent rust, and form an — NH . ‘ NH ‘ NH ° 


SILK DYEING. 
By M. De Vinant. 
Light Yellow. 


THE silk must not be washed, and a red shade is first given 
with annatto in a soap beck, not too strong. It is then 
washed and raised in the cold with sulphuric acid. The 
yellow shade is then given with picric acid, and the silk is 
then dried without washing. 

For a heavier shade the process is the same, but turmeric 





excellent protection to the metallic surface. The invention, 
which bas been applied by Messrs: Bolckow, Vaughan & 
Co., and other firms, affords another illustration of the fact 
that nothing need be allowed to waste. Steel scale was nvt | 
altogether wasted before, but it now becomes a valuable | 
article of commerce. 


I have already stated that isatin can be reduced to indigo- | 
blue. Baeyer endeavored now to find a more simple method | 
for effecting this. By acting with phosphorus pentachlo | 
ride on isatin he obtained a compound which he called | 
isatin chloride, which nascent hydrogen converts into indi- 
gotin, 2C,.H,CINO+2H,.=C,,.H, Nz »+2HCl. 

As far back as 1869 Kekulé predicted isatin to possess the | 
RATION OF INDIGO. constitution wr it _ been proved ¥: have by | 

” 2 * researches, and two of Kekulé’s pupils, Claisen and Shad- | 
By Cant Scuontamurn, F.R.6. well, discovered in 1879 a very simple syntbetical method | 
One of the most brilliant discoveries which lately has |for preparing it. By acting with phosphorus chloride on | 


ON THE HISTORY OF THE ARTIFICIAL PREPA- 





n made is that of the synthesis of indigo, the Indian | ortho-nitro-benzoic acid, C,H,NO,)CO,H, the chloride, | dried 


color which is mentioned by Dioskorides and Pliny, as well C,H «NO,)COCI, 18 formed, which when heated with silver | 
as by the Arabians. It was, however, only after the discov- jcyanide yields the nitrile, C,H(NO,)COCN. On heating 
ery of the sea passage to India that it became generally | the latter with a solution of caustic potash it is converted 
known in Europe; but its use as a dye was greatly retarded | into ortho-nitro-phenyl-glyoxylic acid, C,H,(NO,)CO.CO,H, 
by the opposition it met with from the large vested interests | and this is converted by nascent hydrogen into the amido 
of the cultivators of woad, Jsatis tinctoria, the European in-| compound, which, like other ortho compounds, loses water 
digo plant. Tbe English, French, und several German | and yields isatin. ; 
governments were induced by the growers of woad to pro- I have now given you a sketch of the history of artificial 
mulgate severe enactments against it. Thus Henry LV. of | indigo up to 1879, when I wrote: ‘‘ The artificial produc- | 
France issued an edict condemning to death any one who} tion of indigo has so far merely a theoretical interest ; | 
used that pernicious drug called ‘‘ Devil's Food.” ‘The em-| whether the time will come when simplified methods will 
ployment of woad was, however, gradually superseded b }admit of its manufacture on a large scale remains to be | 
that of Indigo; and as soon as organic chemistry bad ad-| seen. But even if not, the indigo-purpurin, which is always 
vanced far enough, chemists began to examine this import- | formed together with the blue, may become of importance 
ant coloring matter, which was first obtained in the pure | as a coloring matter. This body, as Dr. Schunck has shown, 
state by O’Brien, who states in his treatise ‘‘On Calico | is identical with his indigorubin, which always occurs, but in 





Printing,” 1789, that on beating indigo the coloring matter | 
yolatilizes, forming a purple vapor, which condenses as a| 
blue powder, while the impurities of the commercial product | 
are left behind. Indigo-blue, or indigotin, as the pure com 
pound is called, was afterwards analyzed by several chemists, 
who found that its most simple formula is C,H,NO, which 
was subsequently doubled for several reasons. 

The literature of the chemistry of indigo is very large. 
Of the numerous researches | can here mention only those 
bearing directly on my subject. 

In 1840, Fritzsche found that on distilling indigo with 
potash a basic oil is produced, which he called Aniline, 
C,H,.NH,, from anil, ‘‘ by which name the Portuguese in- | 
troduced indigo first into Europe. The word is Arabic, and 
means simply the blue.” In the following year he obtained, 
by boiling indigo with caustic soda solution and manganese 
peroxide, a compound which he called anthranilic acid, and 
which is now known as orthamidobenzoie acid, C,H,(NH,) 
CO,H. He also observed that by heat it is resolved into 
aniline and carbon dioxide. 

At about the same time Erdmann and Laurent independ- 
ently studied the action of oxidizing agents on indigo, and 
ebtained isatin, C.H,NO,, which is not «a coloring matter. 
The further examination of this body led to most interest- 
ing results, but as those are pot directly connected with the | 
subject of this paper I cannot discuss them here. We must, | 
therefore, proceed at once to 1865, when Baeyer and Knop 
found that by acting on isatin in an alkaline solution with 
hydrogen in the nascent state it is converted into a yellow 
crystalline body, which they called diozrindol, C,H,NO,. 
This is easily further reduced in an acid solution to oxindol, 
C.H,NO, which forms colorless needles, and on its vapor 
being passed over red-hot zine-dust it loses its oxygen, indol, 
C.H,N, being formed, which is also a colorless crystalline 
compound, and a most interesting body, inasmuch as it is 
also formed, as Nencki and Kiihne have shown, in pancrea- 
tic digestion, and is contained in the faces. 

In 1869 Beyer and Emmerlirg obtained indo) from cinna- 

mic acid, which occurs in several plants, and can be obtained 
artificially from coal tar, as I shall show further on. By 
the action of nitric acid it yields two isomeric nitro-com- 
pounds. One of them, called ortho-nitro-cinnamic acid, 
loses, when heated with caustic potash and iron filings, car- 
bon dioxide and oxygen, and indol is formed, CALNO,) 
C0O,.H=C,.H.N+0,+C0, 
é The same chemists discovered (1870) a method by which 
isatin can again be reduced to indigo-blue. By heating it 
with a mixture of phosphorus trichloride, acety] chloride, 
and phosphorus to 70° to 80°, they obtained a green liquid 
which, when poured into water, deposited, on standing ex- 
posed to the air, 2 blue powder containing indigotin, At the 
same time a purple coloring matter was formed, which they 
called indigo purpurin. 

It has been known for some time that urine, on standing, 
sometimes deposits indigo blue. Jaffé, in 1870, found that 
he could produce it by the subcutaneous injection of indol; 
and Nencki, who confirmed this observation in 1875, was 
able to convert indol into indigotin by the action of ozonized 
air. But the yield is only very small, as the coloring mat- 
ter readily undergoes further oxidation. 

However, the synthesis of indigo was thus completed, 
because indol can be built up from its elements; but chem- 
ists Were not satisfied with it, the method being neither a 
practical one nor giving any clew as to the chemical con- 
stitution of indigo. 

In the next year Baeyer and Caro found a very simple and 
elegant method for preparing indol; they obtained it by pass- 
ing the vapor of ethyl-aniline through a red-hot tube: 


4 ‘ 


Aa, 
C.H, oat 2. 


C,H, —N = 
CH, —CH,; oe 


Baeyer succeeded, in 1878, in obtaining oxindol from 
phenylacetic acid, C.H;.CH.CO,H, which can be prepared 
synthetically by different methods, and may be easily ob- 
tained from toluol. By treating the acid with nitric acid it 
18 Converted into the ortho-nitro compound, which is easily 
reduced to the corresponding amido-acid. But this, like 
Several other ortho compounds, readily loses water and | 
Yields oxindol: ‘ 


| 


/“CH,.CO.OH A CBN. 
CH, . = C.H, 4 CO+H,0. 
NH, \ NH 


_ This compound, as Baeyer and Knop bad already found, | 
* Read before the Manchester Literary and Philosophical Society. 





small quantity only, in indigo. Dr. Schunck has traced the 
formation of this beautiful purple color in Polygonum 
tinectorium, a plant used in China and Japan for the prepara- 
tion of indigo. He bas cultivated it for several years, and | 
found that the young plants do not contain a trace of it. It 
can be only obtained from plants having attained an atagnces 
stage of development. It dyes under the same conditions | 
as indigotin does; but while the latter dyes a dull dark blue 
indigorubin dyes a fine purpleshade. Dr. Scbunck, who 
is an authority on these matters, is of opinion that if it 
could be obtained in quantity it would be a most valuable 
addition to the colors now in use.” * 

Since this has been written Baeyer has succeeded in find- 


| ing a method which to all probability will soon be employed 


for the manufacture of indigo-blue on a large scale. The 
starting point is from cinnamic acid, which occurs in nature, 
being found in gum benzoin, styrax, balsam of Peru, and a 
few other aromatic bodies. These sources would be, how- 
ever, far too expensive, and the quantity obtained therefrom 
much too small, to make use of them. Now, Bertagnini 
found, as early as 1856, that this acid may be obtained arti 
ficially by heating benzaldehyd, or oil of bitter almonds, 
with acetyl chloride: 


C,H,.CHO+CHy,. COCI=C,H,. C.H,.CO,H+HCI. 


Since that time several processes have been found for ob- 
taining oil of bitter almonds from toluol and from benzoic 
acid. The first point to be settled was, therefore, to ascer- 
tain which is the cheapest and best method for preparing 
this com; cund, as well as acetyl chloride, which is produced 
by the action of phosphorus chloride on acetic acid. 

W. H. Perkin, F.R.S8., has discovered another synthesis 
of cinnamic acid, which probably may also be of practical 
value. He obtained it by boiling benzaldehyd with acetic 
anhydride and sodium acetate. 

By the action of nitric acid on cinnamic acid we obtain 
ortho-nitro-cinnamic acid, C,H,(NO,)C,H,CO,H, which 
readily combines with two atomsof bromine to form dibrom- 
nitro-pheny!-propionic acid. This compound, by the action | 
of alkali, is transformed into ortho-nitro-phenyl-propiolic 
acid: 

C,H NO,)C,H,Bry. O,H+2Na0H 
=C,H,(NO,.)C,.CO,H+2NaBr+2H,0. 


The latter acid yields pure indigo when its alkaline solu- 
tion is heated with a reducing agent, such as grape-sugar, 
indigotin being deposited in the crystalline state: 


2C,H, NO,4+2H,.=C,,.Hi.N,0,4+2C0,+2H,0. 


Besides this method Baeyer has patented some others in 
which also cinnamic acid is used. These processes are now 
worked out by two of the greatest color works on the 
Continent. 

How far the artificial production of indigo will be a com- 
mercial success remains to be seen. As far as I understand, 
it is at present only intended to manufacture nitro-phenyl- 
propiolic acid, which, when mixed with an alkali and grape- 
sugar, is printed onthecloth. By the action of steam a pure 
indigo-blue is produced, which would form a most valuable 
addition to the host of steam colors which are now so largely 
in use, 

In conclusion I must mention another of Bueyer’s dis- 
coveries which promises to be of practical value. We can 
easily replace in isatin one atom of hydrogen by bromine, 
the nitro group, amido group, etc. y subjecting these 
substituted isatins to the action of phosphorus chloride they 
are converted into chlorides, and these yield, by treatment 
with reducing agents, substituted indigos. These bodies 
are all colored, and their properties are very similar to those 
of indigo. It appears not improbable that some of them 
might find application in dyeing or printing, and be pre- 
pared, not from isatin, but from substituted cinnamic 
acids. 

When, twelve years ago, the artificial madder colors were 
discovered, it was not believed that they could be produced 
in sufficient quantity nor cheap enough to compete success- 
fully with the natural colors. To-day the cultivation of 
madder has almost ceased; whether this will happen in the 
case of indigo is a question which I think will soon be 
solved. 


EASY TEST FOR ARSENIC IN FABRICS. 


ImMeRsE the suspected paper in strong ammonia on a white 
plate or saucer; if the ammonia becomes blue, the presence 
of a salt of copper is proved; then drop a crystal of nitrate 
of silver into the blue liquid, and, if any arsenic be present, 
the crystal will become coated with yellow arseniate of 
silver, which will disappear on stirring.— itioner. 
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is used instead of picric acid. 
The solution of annatto is made by boiling together for 
half an hour equal weights of potash and annatto. 


Scarlet. 


Boil for half an hour 11 lb. ground cochineal; filter, 
and set the clear liquor at 4° Tw. Add to the beck about 
24 fluid oz. tin solution, and dye. It requires twenty-four 
bours to produce the scarlet. 

After dyeing the silks are left wra up for twelve 
hours, rinsed slightly, brightened with citric acid, and 


The solution of tin is made as follows: 


Muriatic acid .. 4 Ib 

POM. 55 Geetstonesibeedoas ase 

Feathered tin...........0.c00..00: 1-5th Ib. 
Dissolve gradually in the course of a day. 


Maroon. 


Take the silk through a catechu beck, weight for weight, 
if a good yield is desired. If a smaller yield is wished, less 
catechu is taken. 

Dye at a boil, lift, wring, and pass into a chrome beck at 
6% to 8i¢° Tw., and 77° Fabr. If the shade required is 
very dark the heat may be raised a little more. Wash well, 
make up a beck with fustic, extract of indigo, and orchil; 
add a little alum to draw on the fustic, and acidulate 
slightly with sulphuric acid for the blue. 

Jye ata boil, adding more of avy of the colors as the 
shade may require. 


Another Scarlet. 


Prepare your silks in stannate of soda at 4° Tw. in the 
cold; take them through weak vitricl sours, and wash well. 

Give a second mordant of red liquor at 844° Tw., thick- 
eued with calcined starch at the rate of 31g oz. per 85 fluid 
ounces of the mordant. 

Dry without rinsing for at least twenty-four hours; then 
rinse and dye with decoction of cochineal. When the color 
is as deep as is required add nitrate of tin to the same beck. 

This process gives scarlets as fine as the former, and with 
less loss of coloring matter. 

The object for the addition of calcined starch is to give 
the silk more body 

In many dye works scarlets or silks are grounded with 
annatto. i 

Aniline Blue Dyed with Soap, 


For 11 Ib. of silk add to a water 1714 oz. sulphuric acid 
and 31¢ oz. solution of white soap. Stir well up and dye 
at 158° Fahr., with 134 oz. aniline blue, which is added in 
four successive portions. Wash, brighten with vitriol sours, 
and rinse. 

Aniline Violets. 


Acidulate the water very slightly with sulphuric acid and 
enter the silks. Begin to dye in the cold, adding the color 
in small successive portions. 

Raise the heat gradually up to a boil to level the shade. 
If the tone is too blue let the beck cool, and take the silks 
through again. 

They are then brightened by one or several successive 
passages through vitriol sours, and it must be remembered 
that heat increases the blueness and lessens the redness.— 
Chemical Review. 


LIQUEFACTION OF OZONE. 
By P. [iscrorevitie and J. Cuappurs. 


WE have ascertained that the sudden liberation of ozonized 
oxygen from pressure occasions the formation of a dense 
mist, the certain sign of a change of the condition of the 
ozone; but is it possible to obtain this body in the state of 
permanent drops, and is the liquid ozoue colored? This is 
what we have endeavored to find out by compressing, with 
the precautions indicated in a former memoir (Comptes 
Rendus, xci., p. 522), ozone prepared at the low temperature 
produced by passing a current of dry air into methyl 
chloride. This gas, compressed at 200 atmospheres in the 
capillary tube of Cailletet’s apparatus cooled down to —23°, 
assumes a blue color, which becomes deeper and deeper as 
the pressure increases, but which does not yield a visible 
liquid distinguishable from the gas by a meniscus. If we 
place the upper portion of the capillary tube in liquid nitro- 
gen protoxide, the intevsity of the coloration augments con- 
siderably in this portion, which is cooled to —88°. The 
lower part. being kept at —23°, we may judge of the differ 
ence of the shade, and estimate that the ozone at —88° is 
three or four times more deeply colored than at_-—23°. The 
intensity of the coloration increases, therefore, as the tem- 
perature falls. After a few minutes the temperatures of the 
two portions of the tube differ but little, and the gas takes 
a uniform deep blue color. The ozone is then imprisoned 
in a vessel closed by solidified merctry, the meniscus of 
which remains brilliant and absolutely unattacked by ozone 
at this low temperature. Under these conditions it may be 
ascertained that the capillary tube does not contain a drop 
of liquid. Do these experiments prove that ozone is blue 
in the liquid state? Such a conclusion would be strained, 
for if a gas becomes more deeply colored on cooling it does 
not follow that it would retain its color on a change of 
physical condition, although in hyponitric acid we find that 
the color of the liquid acid and that of ‘ts vapor differ so 
much the less as the temperature falls. But we may en- 
deavor to determine the liquefaction of ozone by adding to 
the mixture of ozone and oxygen a large proportion of 
carbonic acid, an artifice which bas enabled us to recognize 
new facts. Tbe comparative study of the mixtures of 
oxygen with ozone and with carbonic acid has shown us 
that the liquefaction point of ozone differs little from that 
of carbonic acid. Not being able sufficiently to increase the 
proportion of ozone in’ the mixture so as to diminish the 
retardation which a large proportion of a permanent gas 
occasions in the process of liquefaction, we added carbonic 
acid to the ozonized oxygep. The compression in a capillary 
tube kept at —23° by means of chloride of methyl], of a mix- 
ture of carbonic acid, and of oxygen ozonized at a very low 
temperature, gives results analogous to those obtained with 
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mixtures of several liqueflable 





8, but which are in this 
case rendered quite distinct. Slow compression enables us | 
to obtain a liquid separating itself from the gas by a mix- | 
ture; this liquid is not colorless, as is the case with liquid! Tae author maintains that dimethyl or ethylene hydride 
carbonic acid; it is decidedly blue, and its shade does not | constitutes a link, at once theoretic and experimental, be- 
seem to differ from that of the gas above. This is a stable | tween the methylic series—toward which it plays the part of 
condition, which is permanent as long as the gases remain | a radical both by its formula and its origin— and the ethylic 
under pressure. If we slightly release the gases and imme-| series which it develops by its methodical transforma- 
diately compress again, we see above the mercury a sky-blue | tions, Between formene and dimethy] pyrogenous reac- 
liquid column, much more deeply colored than the yas. | tions even establish the existence of certain mobile equilibria 
The cold of the release occasions an abundant vapor formed | where these two bodies produce each other reciprocally. 
of carbonic acid and of ozone in the liquid or solid state, | The transformation of formene into dimethyl takes place by 
for the latter body is then cooled below its critical point, | the separation of hydrogen according to the same volume 
and the plentiful liquefaction of the carbonic acid produced proportions as the decomposition of the hydracids. The 


HEAT OF FORMATION OF DIMETHYL. 
By M. Berruetor. 


by compression collects a portion of this ozone. What 
proves that the matter takes place thus is that the coloration 
of the lhquid diminishes, and that in a few minutes the 
liquid and the gas take the same shade. The ozone col 
lectei at first by the liquid carbonic acid becomes diffused, 
the atmosphere of the tube not containing the vapor of 
ozone in a stute of saturation. In the same manner as the 
compression of a mixture of oxygen, carbonic acid, and 
nitrogen monoxide gives a mixed liquid formed of the two 
liquefied gases, a mixture of oxygen, carbonic acid, and 
ozone gives a mixed liquid containing liquefied ozone; this 
ozone gives a blue color to the liquid obtained in our experi- 
ments. These facts enable us to foresee that we should ob- 
tain ozone in liquid drops by compressing at a very low 
temperature the mixture of ozone and oxygen prepared at 
—88°, the proportion of ozone rising, according to our ex- 
periments, to more than fifty per cent., and that under these 
conditions we should have a very deep blue liquid. Colora- 
tions have already been employed in chemistry to solve 
controversy questions. It is sufficient to refer to the experi- 
ments of M. H. Sainte-Claire Devi'le on the dissociation of 
phosphorus perchloride and mercury iodide. The coloration 
of ozone in the liquid and the gaseous state enables us to 
show that the products of the decomposition of carbonic 
acid by the effluve contain a large proportion of ozone. For 
this purpose it is sufficient to compress them, which is easily 
effected by transforming the reservoir of Cailletet’s tube 
into an effluve apparatus, in which the carbonic acid is sub- 
mitted to electric discharges for several hours before being 
compressed. The compression of the gas cooled down to 
-—23° gives a gas as colored as its proportion of ozone indi 
cated by M. Berthelot admits of, and at a certain pressure 
the carbonic acid which has not been decomposed liquefies 
and turns blue, We establish thus, without any reagent, 
the large proportion of ozone found in the oxygen derived 
from the decomposition of the carbonic acid. This con- 
clusion is what has been already indicated in a former paper 
(Comptes Rendus, xci., ». 762), and it is conformable to one 


of the hypotheses laid down by M. Berthelot on the nature | 


of the oxidizing product formed from carbonic acid by elec- 
tric discharges. 


INFLAMMATION TEMPERATURES OF GASEOUS 
MIXTURES 


By MM. Matiarp and Le CHare.uier. 


Tre detonating mixture of hydrogen and oxygen explodes 
between 552°—56", and this temperature is only lowered by 
30° if the propertion of oxygen is increased by one- half. | 
The addition of nitrogen to the mixture scarcely causes any 
difference in the temperature of ignition, which, however, 
is increased « little by the addition of carbonic acid. The 
detonating mixture of carbonic oxide and oxygen explodes 


searcely affect the temperature. An addition of nitrogen 
has little influence, but the presence of carbonic acid raises 
the temperature notably. Detonating mixtures prepared 
with hydrogen monocarbide have not, properly speaking, 
any precise and definite temperature of ignition, but it is not 
higher than 790°, and ignition may take place much lower. 


TRANSFORMATION OF OXYGEN. 
By P. 
A VERY sinall quantity of chlorine serves to prevent the 
transformation of oxygen into ozone. If a very small volume | 
of chlorine is introduced into ozonized oxygen the ozone is 
completely destroyed during the act of electrization, a very 
unstable chlorine compound being probably formed. Nitro- 
gen mixed with oxygen enables the litter to be transformed 
into ozone in a larger proportion than if the latter gas were 
present alone. Hydrogen and silicon fluoride do not hinder 
ozonization. 


HAUTEFEUILLE and J. CHAPPUIS. 


OF CHLORINE AND OF HYDROCHLORIC 
ACID UPON LEAD CHLORIDE. 


By A. Drrre. 


Wuen at a given temperature chlorine is passed into a 
liquid containing an excess of lead chlorine and increasing 
quantities of hydrochloric acid, this gas, acting at first 
upon the chloride dissociated by the water, forms lead 
peroxide and hydrochloric acid, between which a particular | 
state of equilibrium is established. As the quantity of acid 
augments there are produced larger and larger quantities 
of perchlurinized lead bydrochblorate, always dissociated 
in such a manner that the liquid contains constantly 
hydrochloric acid and free chlorine. 

. 


ACTION 


ENRICHMENT OF PLUMBIFEROUS EARTH BY 
MEANS OF A STREAM OF AIR. 


By M. De.esse. 


A BLAST apparatus bas been employed to remove the 
lighter particles from certain pure plumbiferous earths, 
containing originally not more than seven per cent. of metal. 
The process was not found applicable when the grains of 
earth were very minute, The proportion of silver was 
found to decrease as that of lead increased. The pro- 
cess did not work satisfactorily wtih the galena of 
Génolhac with a quartzose and dolomitic gangue. 


THERMIC EQUILIBRIUM OF CHEMICAL ACTIONS. 
By Dr Donato Tommasi. 


THE author proposes the solution of the following prob- 
lem: When any compound such as can be oxidized and re- 
duced is submitted to a chemical action, which is at the 
same time oxidizing and reducing, in what manner will such 
compound behave, being in presence of two forces equal and | 
opposite? The paper is to be continued, and does not ap- 
pear to admit of useful abstraction. 








| Victor Hugo were the familiars of this *‘ Cenacle,” 


| acquired a prominent place in different branches of litera- 


at 647 5°, and large variations in the proportions of the gases | 


| cate of free speech, free press, and free education, he has, in 


|at the most important battles of the siege, that of Cham- 


thermic relations between dimethyl and the methylic com- 
pounds do not differ greatly from those which exist between 
hydrogen or the easily reducible metals and their binary 
}compounds. But there is this essential difference, that 
| hydrogen and the metals play the part of radicals, both 
analytically and synthetically, while dimethyl, formed 
| analytically at the expense of the methylic compounds, does 
| not in general reproduce them by direct synthesis. 


CYPRIEN M. TESSIE DU MOTAY.* 
By Aveuste J. Rosst. 


By the death of Mr. Tessie du Motay, the American 
| Chemical Society has to deplore not only the loss 
of one of its most distinguished members, but also 
that of a savant, who will leave by his numerous works, 
| discoveries, aud researches in all branches of technology, a 
lasting impression on the history of industrial science of 
our century. He died suddeuly, in New York, from apo- 
| plexy, at the age of 61 years. 

Born in Brittany, France, in 1819, of an old and aristo- 
cratic family, Tessie du Motay received in his youth an 
| academical, but not technical education. His studies were 
| directed by the famous Abbe Lamennais—a friend of his 
| family, from whom, it must be supposed, he derived his 
very liberal ideas in politics and philosophy. Gifted with 
a brilliant and passionate imagination, of a distinguished, 
and at the same time romantic, turn of mind, as well 
as of g superior intelligence, he could not but take an 


} active part in the conflict between the ‘“‘ Romantic” and | 


** Classical” Schools, as the two parties were called which 


| divided the young generation of Uiterati in the first years 
|of the monarchy of Louis Philippe. 
|as a literary man, his first essays opened to him the doors 


Brilliantly endowed 


of the most renowned salons of this period, where French 
art, literature, and science made their abiding place. Even 
the most exclusive of these opened its doors to one so well } 
fitted to do honor to it, and in the sa/on of Madame Reca- | 
mier, young Tessie du Motay met with great success in his 

efforts in the drama, poetry, and music. Chateaubriand and 

and there | 
Tessie du Motay became acquainted with Alfred de Musset, | 
Vigny, Seribe, Theophile Gauthier, Mery, Gerard de Ner- 
val and all this pleiad of young authors, who have since 


ture. 

But science had also its fascination upon him; the fre 
quenting of the society of such eminent chemists as Chev 
reul, Dumas, Berthelot, decided his calling; more especially 
Chevreul, who was an intimate friend of his father—Chev- 
reul who, at the age of eight years, held M. du Motay’s | 
father in his arms for baptism. Some early discoveries en- 
couraged him to persevere, and finally, by continuous 
efforts in France and abroad, he conquered for himself a 
name well known and appreciated in the history of indus- 
trial chemistry. Ardent to the task, never sparing the 
means he had been able to acquire in his professional career 
as consulting chemist, there has not been a single important 
subject in technical science developed within the last twenty 
years in which Te&Ssie du Motay was not directly or in- 
directly concerned. Of a generous and open nature, he 
often gave to manufacturers who consulted him new pro- 
cesses in industry, or happy modifications of old ones, 
which were applied by them, and of which the origin can- 
not be publicly traced to him. 

An ardent and radical republican, brought up in the 
midst of the liberal agitation of those times, a warm advo- 








politics, a record that the friends of liberty and liberalism 
cannot forget. He took, as might be expected, a leading | 
part in all the exciting events of the last years of the| 
Monarchy of July, 1830. He participated, at the side of | 
Ledru-Rollin, in the political movement of 1848, and the | 
subsequent agitation. 

Exiled from France, after what is known there as the 
‘** Bourges Trial,” in 1849, he went successively to Belgium, 
England, and Germany. In England, he renewed acquaint- | 
ance with the prominent exiles, Ledru-Rollin, Louis Blanc, 
Caussidiere, Madier de Montjau, all of whom have since 
become well known. 

When abroad, he completed many of his most important 
discoveries. He returned to France in 1860, and applied | 
himself from that time entirely to industrial chemistry, 
which secured for him two gold medals and one silver one 
at the different International Exhibitions in Paris, in 18 5! 
and 1878, and finally, the Cross of the Legion d’Honneur, 
During the siege of Paris he directed the service of the 
ambulances, and all those who had occasion to know him 
then, and to see him at work, can testify with what devo- 
tion, what cheerful humor, and, at the same time, with what 
patriotism, he took his part in the rational defense. He 
was on the staff of the Governor of Paris, and was present 


pigny and others. 

A literary man, a musician, a philosopher, and a savant, 
Tessie du Motay was also one of the most honorable and 
sympathetic of men. Nobody, better than he, knew how to 
ally to the genial courtesy and affability of the man of good 
society, the dignity and the seriousness of a perfect gentle- 
man. The interest and charm of his conversation, the 
amenity of his intercourse, made him the most fascinating 
of men, as he was also the truest of friends. Generous, 
kind-hearted, always ready to help misfortune wherever 
met, during a stay of hardly eighteen months in the United 
States, he had succeeded in creating around him a circle of 
appreciative and devoted friends, who held him in the high- 
est regard. Young and old were attracted to him, fascinated 
as it were, by the magical charm of his conversation. Even 
in his later days he did not give up his literary pursuits. 
He had great fondness for Oriental literature and the my- 
thology and theogony of India. We were fortunate enongh 
to have the privilege to hear him read his translation, or 
rather adaptation, in French verse (with many original and 


* From the Journal of the American Chemical Society, July, 1880. 











, The operation is effected in cast iron retorts, 
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songs of Brahma and Vishnu. The enthusiasm of his dig. 
tion, the genuine animation of his gestures, could \ el] 

| one believe himself to be transported. in reality, into the 
| poetical fictions of Brabmanism and Buddbism. He ako 
| left a philosophical drama which he desired should not be 
published until after hié death, which, under the name of 
ithe ‘“‘Expiation of Faust,” treats of an old subject jpg 
novel and masterly manner. 


TESSIE DU MOTAY’S SCIENTIFIC WORK. 


It was said of him that he made perhaps more inventions 
than apy other man, for it often happened that when he wag 
| consulted about some scientific subject, he would give ey. 
pression to views so original, and make suggestions so prag. 
tical, that his consulters often utilized them at once, with. 
out his receiving the credit of the suggestion or invention, 
About eighteen months previous to his death, he had come 
to the United Sfates as consulting chemist and engineer of 
the Municipal Gaslight Company, to superintend the build. 
ing of retorts and furnaces, and the preparation of machip. 
ery for the introduction of the carbureted water gas, 
| tically and on a large scale, for the lighting of New York 
| Everybody knows what success he has met with. The 
obtained has a much —— illuminating power than the 
ordinary gas, and can be produced at such reduced rates ag 
to have forced many of the other companies to adopt the 
process. 

Metallurgy.—Metallurgy greatly interested him, and he 
was intimately connected for the last twenty years with the 
progress of this science. He patented in England a process 
for the treatment of urseniferous iron ores, and suggested or 
made several improvements in the manufacture of ferro. 
manganese. He was also the first to introduce and mann. 
facture bricks of magnesia for metallurgical purposes 
They were made for Mr. de Wendel, in Alsace, for the 
Siemens-Martin steel furnaces. The magnesia was brought 
from Eubeea, Greece, in the state of magnesite (magnesium 
carbonate). The earth was ground, worked in the shape of 
bricks, which were compressed by hydraulic pressure of 100 
tons. They were then burnt in a kiln at a very intense 
temperature, so as to prevent the magnesia from changing 
to carbonate on contact with the air. The best Dinas fire 
bricks, used at Mr. de Wendel’s, lasted generally from two 
to three weeks, whereas the magnesia fire bricks of Tessie 
du Motay lasted eighteen months. They were used by Mr, 
de Wendel in forty reheating furnaces. for steel and iron 
with great success. 

In the fail of 1879, Mr. du Motay was engaged by certain 








| capitalists to make an examination of, and report on, the 


iron and copper pyrites deposits of Lake Superior and 
Canada. He was to have undertaken the direction of the 
reduction of these ores by a new process of his own inven- 
tion when death struck him. 

Etching on glass.—In collaboration with Marechal, he in- 
vented and introduced a very excellent method for etchin 
on glass. The use of hydrofluoric acid is always attend 
with danger, especially when it is in the gaseous state. But 
while the solutions of this acid produce on glass brilliant 
surfaces, it is only by the use of the gas that it is possible 
to obtain unpolished surfaces, much finer and better adapted 
for delicate effects in decoration. By his process excellent 


{results have been obtained, and the dangers of the gas 


avoided. The hydrofluoric acid is disengaged in the nas- 
cent state from a bath composed of fluorhydrate of fluoride 
of calcium, water, and diluted hydrochloric acid. He 
recommended also the use of saccharate of lime as a counter- 
agent against the burns produced by fluorhydric acid. 

Photography.—In photography he improved several pro- 
cesses, and, at the same time as Poitevin and Niepce, made 
several attempts for the production of colored photographs. 
In connection with Marechal he invented a special process 
for the production of transparent vitrified photographic 
proofs. A glass plate having been covered with a solution 
of India-rubber in benzine, and, when dried, with a coating 
of iodureted collodion, an image (positive by transparency) 
is obtained from the negative. After proper treatment by 
means of cyanide of potassium, platinum, and gold baths, 
to develop and obtain the proper shades of black, the plate 
is placed in a muffle, and the organic matters burnt. It is 
then covered with a flux of borax and vitrified. 

Electric light.—Tessie du Motay has been connected with 


| the latest efforts made for the introduction of electric light, 


on an industrial scale, for illuminating cities. A profes 
sional friend of Jablochkoff, Moncel, and Jamin, and other 
celebrated electricians, he, with Jablochkoff, was the first 
to suggest the use of carbon pencils coated with kaoiin, to 
prevent their disintegration when burning. 

Edison, in his latest electric lamps, realized this idea by 
using the carbon produced by the calcination of bristol. 
boards; mistaking the true explanation of the case, he 
attributed to a fourth state of carbon the peculiar properties 
of the carbon thus obtained. 

Tessie du Motay (in an article which was published in the 
New York papers) explained that the qualities of durability 
of these new pencils were due to the presence of kaolin, 


| used for sizing bristol paper, and that he and Jablochkoff 


had many years ago anticipated the idea. 
Permanganates.—He gave bis attention to the preparation 
of alkaline permanganates on a large scale, having found 
an industrial use forthem in his new method of preparation 
of oxygen gas. In the ordinary preparation of the perman- 
ganate, peroxide of manganese, chlorate of potash, 
caustic potash are heated together in an iron retort. After 
proper manipulations the mass is treated with water, which 
transforms the manganate into permanganate. Tessie da 
Motay proposed first to produce the transformation of mat- 
ganate of potassium into permanganate, by means of sul- 
phate of magnesia. He also obtained the alkaline permat- 
ganates by a completely new process, by the action of the 
oxygen of the air on sesquioxide of manganese in presence 
of caustic soda or potash. The mixture, introduced into 
cast iron retorts, is heated to 400° C., and a current of air 8 
passed through the mass. ; 
Preparation of oxygen.—One of his most original, i0- 


| genious, and successful inventions was that of the prepara 


tion of oxygen gas on an industrial scale. His method is 
based on the following reactions: When the permanganate 
of sodium or potassium is exposed to a temperature of 450 
C., in a current of superheated steam, the salt loses its oxy- 

n, producing caustic alkali and peroxide of manganese. 
it now this mixture of these two substances, at this same 


‘temperature of 450° C., is exposed to the action of a current 


of air, the primitive salt is regenerated by absorption of 

oxygen, and can then furnish oxygen anew by the action 

superheated steam. In consequence of these successive 

decompositions and revivifications, a given quantity of pet 

manganate can furnish an indefinite quantity a a 
e 
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by the exygen gas is condensed, and the air 
carried Nuh, oxygen is to be borrowed for the regeneration 
f the permanganate is blown in the retorts after having 
on deprived of its carbonic acid. By this method one 


cubic meter of oxygen cost 0°40 a 


inating gas.—Having thus secured the means of ob- 
LS oon 4 cheaply and in great quantities, Tessie du 
Mo:ay turned his attention to one of his favorite schemes, 
and one Which has brought him a legitimate share of his 
fame—"* a new method of illumination. 
“In the Drummond light, a mixture of oxygen and hydro- 
ven gas, supplied by two different ometers, is brought in 
wvntact with a cylinder of caustic lime, and lighted. A 
ligbt, next in intensity to that of the sun or electric are, is 
thus produced. Tessie du Motay and Marechal have ren- 
dered this system applicable even to the lighting of cities, 
e introduction of their industrial method for the prepa- 


> th - - 
raion of oxygen gas. Tessie du Motay modified the pro- 
cess in preparing the hydrogen gas, by effecting the decom- 


yosition of hydroxide of calcium by carbon in iron retorts. 
‘A company, under the name of the New York Oxygen Co., 
has employed this system of illumination with success for 
large squares, public places, beacons, signals. It was very 
much used during the war of secession. 

Guided by Caron, Tessie du Motay and Marechal have 
since substituted for the calciam pencil a pencil of calcined 
magnesia, Which withstands better the high temperatures 
which are reached. These pencils having sometimes the 
inconvenient property of breaking on cooling, they have 
substituted for them the ‘‘ zirconia pencils” with much 
better results. 

Tessie du Motay has also introduced a new system of 
jllumination vy using water gas (a mixture of hydrogen 
and carbonig oxide), which is burnt in the presence of a 
regular current of oxygen, obtained by his process. The 
flame is directed on cylinders of magnesia and zirconia, 
This system was tried in Paris, Place de |’Hotel de Ville, 
in 1868, with success. 

In 1870, Tessie du Motay modified his methods in the fol- 
lowing manner: He made his oxygen pass into the flame 
from a solution of naphthalene in petroleum ether. This 
liquid was called in France, ‘‘carbolene.” During the 
ombustion there are separated from the liquid substances 
of an intense lighting power. This kind of light is known 
in France as the ‘‘oxy-carbureted light of Tessie du Mo- 


Messrs, Viol & Duflot. It is based on the use of oxy- 
genated oil of turpentine. . 

Industry of r (baryta).—In the ordinary process of 
the treatment of sugar solutions, the sugar is separated 
from the impurities by the addition of lime and other sub- 
stances, capable of forming with these impurities insolu- 
ble compounds, the sugar remaining in the solution. Du- 
brunfaut and de Massy have introduced in France a new 
method of treatment, which is the reverse of the preceding. 
It consists in separating the sugar from the impurities it 
contains, by ——e with the sugar an insoluble compound, 
while the impurities remain in the solution. The sub- 
stance employed is hydrate of baryta, which forms with 
cane and t sugar, even at the temperature of ebullition, 
insoluble saccharate of baryta. 

To render this method practicable, hydrate of baryta had 
to be obtained at a sufficiently low price, and on a large 
scale, Dubrunfaut and Liplay prepared it by the decompo- 
sition of witherite (barium carbonate) by But this de- 
composition to be complete requires the highest tempera- 
ture, which the kilns used were not able to stand. 

Tessie du Motay, in connection with others, has contrib- 
uted his part to the solution of the problem, and to the in- 
troduction of another and much more economical process. 
This process has been successfully carried on in France, at 
Comines (Nord), at Asnieres Jes Paris, at Courriere (Pas de 
Calais), at Menu Tylloy Delaune, It is based on the de- 
composition of natural barium sulphate (barytes), by coke, 
and subsequent treatment of zinc oxide. 


The mineral is ground, mixed with 20 per cent. of coke | 


or soft coal, and calcined in a Siemens-Martin furnace. 
Barium sulphide is thus formed. This sulphide is suspended 
in water, steam is admitted, and the mass is thoroughly 
agitated. It is then allowed to settle. The supernatant 
liquid and the concentrated washings of the residue are 
received in proper vessels. This liquid is of a complex 
composition; it contains diluted hydrate of baryta, barium 
proto and bisulphide, and baryta sulphydrate. The sulphur 
is eliminated by bviling the liquid, after an addition of zinc 
oxide (20) kilogrammes zinc oxide for 35 hectoliters of sul- 
phurous liquid at 25° B.), the mass being thoroughly agi- 
tated all the time. Insoluble zinc sulphide is formed, and 
baryta hydrate remains in solution. The solutions are eon- 
centrated, allowed to crystallize, and the crystals are dried 
in the ‘‘centrifuge.” The product is hydrate of baryta 





tay.” The combustion took place in lamps with a wick | 
(Philipp’s lamps), into the flame of which the oxygen gas| 
penetrated horizontally. 


After these experiments, Tessie du Motay still further | },.>yta has also modified and improved the ordinary process | would materially alter the result. 


modified his system, and gave it a very practical form, by | 
directing a jet of oxygen gas on ordinary illuminating gas 
from coal, made very rich in carbon by proper carburation, 
the combustion taking place in a slit burner of steatite. 
This process was tried in Paris, in 1870, on the Boulevard 
de ’Opera, and at the Tuileries, under the auspices of Na- 
poleon I[1., who was very enthusiastic on the subject. The 
light, it is said, was intense and really splendid, If it had 
not been for the complications which the war brought on, 
this system bade fair at the time to be thoroughly tested 
and employed in Paris. It was on this occasion that he 
received the cross of the Legion d’Honneur, he having re- 
fused it once before, on account of his political record, be- 
cause it had been officially sent to him. The Emperor gave 
him an audience, and, having learned his reasons for re- 
fusal, took from his coat the cross he was wearing him- 
self and attached it to the bosom of Tessie du Motay, add- 
ing that ‘‘ science and politics had nothing to do together.” 

Though found objectionable on account of the double 
system of pipes required, this system of illuminating can 
be, and, in France, has been, applied in many cases. It} 
has been applied to the lighting of mines, for photograpby, | 
for submarine works, for lighting public piaces of meeting, | 
theaters, etc, The industrial preparation of oxygen by the | 
du Motay process constitutes certainly a progress very in- | 
teresting and full of promise for the industry of illumina- 
ling gas. 

Tessie du Motay still further modified the burner for 
his gas, by the introduction of his ‘‘ differential burner.” 
The ordinary illuminating gas, carbureted as before, ar- 
tives in two opposite directions by two tubes which are | 
curved horizontally. The oxygen is supplied by a vertical | 
tube reaching slightly below the level of the others, and | 
placed between the two. This burner is formed of scveral | 
jets of the same kind. placed in a ring. -A vertical magne- | 
sia or zirconia pencil is slightly engaged at its base in the 
ring formed by the jets, and becomes incandescent. 








Bleaching.—The name of Tessie du Motay is associated 
with several inventions for the bleaching of textile fabrics 
and fibers. 

_In 1874, Tessie du Motay proposed for the scouring of 
silk (to deprive it of the sericine) the use of a bath of hy- 
drate of baryta (12 to 15 per cent. of the hydrate for 100 of 
the silk) heated to 80° C. The ordinary decolorizing agents 
having no action on what is called ‘‘ gray silk,” he proposed 
to use successively, to bleach these fibers, nascent oxygen 
a sulphur dioxide, sulphydric acid and sulphur di- 
oxide. 

_ The silk is dipped in a solution of permanganate of potas- | 
sium, and then in a solution of sulphur dioxide, to elimi- | 
nate the oxides of manganese. After repeated treatments in | 
these solutions, the fibers are introduced into a solution of | 
sulphydric acid, or of alkaline sulphides, washed, and again 
treated with sulphur dioxide solutions. 

For bleiching flax, hemp, cotton, silk, and wool, Tessie | 
du Motay has introduced a new method based on the use | 
of the alkaline permanganates. A solution of manganate 
of sodium is added to a solution of sulphate or chloride of | 
magnesium, or chloride of calcium; by double decomposi- 
ion, permanganate of sod‘um, sulphate of sodium, and by- 
Grate of magnesium, or calcium, are produced. The fibers | 





are orree in the solution: 2 to 6 kilogrammes of manganate 
'ssaid to be sufficient for 100 kilogrammes of cotton, flax, or 
hemp. The fibers are then passed into an alkaline solu- 


“tion, in case of silk or wool in a solution of soap, and after- | 
Wards into a solution of sulphur dioxide, to dissolve the | 
oxides of manganese 
The results obtained on a large scale at Comines, France, 
at the manufactory of Verlay, in 1867, showed that by Tes- 
sie du Motay’s process it is possible to bleach completely 
‘na day the fibers of flax and hemp, and that but three 
“ays were required for tissues of flax and hemp, and it*was 
claimed that the fibers were no more injured than by: the 
other processes in use, which, moreover, necessitate a/| 
much longer time. For 110 m. of linen the cost was stated | 
atsix francs, The manganate of sodium could be obtained | 
at one franc per kilogramme. 
€ has also introduced a new method for bleaching wax 

and feathers, which is at present earried on in France, by 





with nine equivalents of water. The zinc sulphide is 
washed, roasted in ovens, and the zinc oxide is thus regene- 
rated for another operation. 

Binovide of barium.—Tessie du Motay, starting from the 


of preparation of binoxide of barium from this base, 
rlificial ice.—In 1880, Tessie du Motay and A. J. Rossi 
patented two new a for the artificial production of 
ice avd cola, based on the power of absorption, which they 
find certain ethers and alcoholic radicals to possess, for 
gaseous sulphur dioxide and ammonia. 
In one of them, a mechanical power is used to produce 
the volatilization of both constituents of the binary liquid, 
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gation, it shows a good breaking-strain, taking into consid 
eration the percentage of carbon (0°45 to (60 per cent). 
Bessemer steel coutaining the same amount of carbon never 
gives such results. The specimens tested were intended for 
other purposes than plate-rolling, but by annealing most of 
this steel will be quite good enough to stand Lloyd’s tests: 
Stemens- Martin Steel. 
Length 8 in.; thickness 3g in.; percentage of carbon 0°45 
to 0°60. 








Samples. Breaking Strain. Elongation. 
Tons per Sq _ Inch. Per cent. 

1. 34°49 18:40 

2. 83°15 21°10 

3. 35°81 20°00 

| 4. 42°53 20:00 
5. 34°49 21°90 

6. 38°08 16°60 

7. 43°65 19°10 

8. 36°93 20°00 

9. 44°29 16°10 
10. 40.29 17°40 
11. 40°50 22°70 
12, 31°80 20°30 

—Chemical News. 








THE ACTUAL FIGURE OF THE EARTH. 


By Dr. Geo. W. Racuet. 
} is 


M. Faye, the well-known French scicntist—well known 
by his excellent observations, as much as by his numerous 
bold theories—has — addressed to the French Academy 
of Sciences a paper on the physical forces that have produced 
the present figure of the earth. An epitome of its contents 
has been given in the Screntiric AMeRICAN.* The most 

{important portion is that which refers to a fact hitherto 
| very little noticed. It is this: 

| That attraction is greater above the oceans than over the great 
continents. Of this peculiar phenomenon M. Faye offers 
the following explanation: 

| That under the great oceans the globe coole more rapidly and 
to a greater depth than beneath the surface of the continents, 


ete. 

This explanation can hardly be called a happy one; for, 
supposing even the earth was really as thinly sbelled as this 
| View would seem to require, the pressure of the continents, 
| having a specific gravity ranging between two and three, and 
| rising many thousands of feet above the level of the sea, 
The density of the under- 
| lying strata would be considerably increased, and probably 
| equal to that of the upper submarine layers, having abou’ 
the same horizon. There would, therefore, be an equili- 
| brium established, and the lifting-up process to which M. 
Faye ascribes the rising of the continents would be, to say 
| the least, rather problematical. 
| The liquid state of the earth’s interior has, however, of 
|Jate heen questioned by many scientists, and even the ne- 


the vapors of which are compressed under very small | bular hypothesis itself—although one of the most ingenious 
pressure in a condenser, where the ether liquefies easily, | speculations ever broached by the human mind—is looked 
absorbing the vapors of sulphur dioxide, reconstituting the | at rather skeptically by some. An elaborate discussion of 
original liquid, and thus avoiding the high pressures | this subject, however, does not come within the scope of 
necessary to liquefy the sulphur dioxide by mechanical | this article, although it is of peculiar interest. For one of 
compression. | the greatest astronomers of our country considers the neb- 
In the other, advantage is taken of the higher point of | ular hypothesis ‘‘a very doubtful thing,” and thinks *‘‘ that 
ebullition or Jess volatility of the absorbing ether, No| many facts are against it!” 
mechanical power is required. The sulphur dioxide is dis-| But, aside from this, we have in regard to the alleged 
engaged by the action of heat (a water bath) from the ab-| molten state of our earth’s interior not merely opinions of 
sorbent contained in a boiler, and condensed to the liquid | excellent authorities; we are in possession of facts which 
state, by proper cooling and the pressure the gas exerts on | disprove the truth of this assumption. As to opinions of 
its own molecules. competent men, we will quote the following passage from a 
The fire being removed from the boiler, and the latter! work of Prof. Newcomb:+ 
cooled in its turn, the liquid dioxide evaporates under the| ‘‘ But mathematicians have never been able entirely to re- 
yartial vacuum thus produced, generating an intense cold, | concile the theory in question with the observed phenom- 
its vapors being absorbed as fast as they are formed by the | ena of precession, nutation, and tides. To all appearances 
absorbent in the boiler, working much in the same manner | the earth resists the tide-producing action of the sun and 
as the Carre ammonia solution machines, but with much | moon, exactly as if it were solid From center to circum 
less pressure, and with a water bath instead of a furnace, |ference. Sir William Thomson has shown that if the 
In 1879, Tessie du Motay, in collaboration with L. F. | earth were less rigid than steel, it would yield so much to 
Beckwith, took out in the United States several patents of | this action that the tides would be much smaller than on a 
a mechanical character, for small rotary motors, for me-| perfectly rigid earth. If the earth were only a 
chanical devices, for the application of the cold produced | thin shell, floating on a liquid interior, the tides would be 
by refrigerating machines to the ventilation and cooling of | produced in the latter; the thin shell would bend in such « 
mines, for improvements in steam condensers used on board | way that the tides in the ocean would be nearly neutral- 
of steamers, by using a very volatile liquid, such as sulphur | ized.” 
dioxide, for condensing steam, instead of water, the vola- Now as to the facts alluded to above. 
tile liquid being thereby volatilized under high pressures,| As is well known, the temperature rises when we descend 


the mechanical action of which could be utilized on a piston 
so as to restitute part of the mechanical power otherwise 
lost in the condensing water. He also took a patent with 


into the earth. This increase of temperature has been sup- 
posed until lately to average about 1°C. to 100 ft; this, if 
continued at the sume rate of increase from the lowest 


| colored, evaporates to dryness, and extracts the residue | plished. 


L. F. Beckwith, for the joint use in the same ice machine, | strata ever reached by map, would seem to show that 
of sulphur dioxide and chloride of metbyl, with the idea of | everything must be red hot at a depth of 12 miles, while at 
using the former as an extinguisher of the latter. 100 miles the temperature would be high enough to melt 
almost every known body. To this way of reasoning, 
however, a very strong objection may be raised, viz., this: 
that it isa very inaccurate and wholly unscientifie proce- 
By Dr. H. Pieck. dure to apply ‘a law to hundreds of miles that has been de- 
THE author evaporates 500 c.c. of the beer to a sirup, | ducted from observations ranging between three and four 
mixes with ten times its volume of absolute alcohol, filters | thousand feet only. It ponte = surprising, therefore, that 
off the precipitate, washing it as well as possible, and evap-| there are various observations recorded widely at variance 
orating the alcoholic filtrate to dryness. The residue is ex- | with this assumed law. Twoof these have moreover been 
tracted with water at a boil as often as the liquid becomes| made in borings which are of the deepest ever accom- 
One of them shows absolutely no law at all, while 
with ether. The ethereal extract contains the picric acid | the other even proves a constant diminution of the increase 

almost pure. | of temperature. 
< The first sct of observations was made near the Insane Asy- 
MALLEABLE CAST IRON. |lum of St. Louis Co., Mo. A well was bored there to a 

By M. L. Forevrenon. 


depth of 3,8434¢ feet, - —— measurements - tempera- 
. » : ture were made with a Fahrenbeit registering themometer 
MALLEABLE cast iron appears as an intermediate body by Mr. C. W. Atkinson, who superintended the work. 
between steel and gray pig-iron, from which it differs by Io the £ Col. G. G. Broadbead, State Geologist of 
the special nature of its amorphous graphite, and by its Mies, —-. 4 ‘cable of ene bo gtvene “e 
r tenacity; it is distinguishable from steel by its slight pass, SED Seas Sette eae 


PICRIC ACID IN BEER. 











extensibility and its large proportion of graphite. sisne pth. on La 5 aaa 
n feet. 5 Fahre . . . 

~~ 3,12 " 4i-11 
NOTE ON SIEMENS-MARTIN STEEL. gi pone ir 41-06" 
By Serervs Kern, M.E., St. Petersburg. 3,264 994°84 106 41-11° 

: atin , 3,376 1028 98 106° 41°11 
In most cases this steel is used for shipbuilding and boiler- 3'472 1058-55 108° 40°55° 
making. In the manufacture of plates the author has no- 3/538 1076-83 105° 40°55” 
ticed that the Siemens-Martin ingots stand a better heat and 8,604 1098°48 105° 40°59" 
roll more softly than Bessemer ingots ea the same 8.641 1109-75 10414 40°28" 
quantity of carbon. Moreover, Siemens-Martin ingots con- 3.728 1148-46 10544° 40°83° 
tain, as a rule, less manganese than Bessemer ingots,-and as 3,800 1158 22 105° 40°55° 
, containing much manganese are more liable to oxi- 3,837 1169-49 105° 40°B5° 
. the Siemens-Martin plates are preferable for the above-|____ poe eter 
mentioned pu * No. 18, Sept. 25th, pp. 200 and 201. 


+‘ Popular Astronomy,” Harper & Bros., 1878, p. 300. 


rposes. 
The following table shows what beautifal results are ob-| 
+ Trans, St. Louis Academy of Sciences, Vol. [II , No. 2, pp. 221-288 


tained in testing Siemens-Martin steel. Giving a high elon- | 
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Col. Broadhead very correctly adds: 
‘lt is to be regretted that no testsof temperature were 
made above these indicated depths.” 


A single glance at the table shows that for the lowest 700 


feet of this well there is no constant ratio of increase what- 
ever; there is not even a constant increase. For the highest 
temperature recorded (107° F.) was found to prevail at 3,129 
feet, or 700 feet above the bottom; while the lowest (1044¢° 
F.) wus registered at 3,641 feet, or 500 feet below the former, 
and 200 feet above the lowest point. The objection to these 
meastirements js, that they were crudely arranged and insuffi- 
cient in number, so that they might be challenged as to 
their accuracy, 

This cannot be said, however, of the other observations 
referred to above, which were made in a boring deeper yet 
than the foregoing. For these measurements were made 
after due deliberation and careful preparation by German 
mining officials of high standing. hey were executed 
with that utmost care and cireumspection which we are 
wont to find as a sterling property of German scientists— 
especially those in government service. The boring was 
made in the neighborhood of the German c»pital, near a 
sma!l place named Speremberg, situated about 25 miles south 
of Berlin. Although an increase was always registered, yet 
the amount of increase grew steadily smaller, and would 
have been found to disappear entirely could the work have 
been pursued for several thousand feet further down, This 
is evident from the following table,* which gives the rate 
of increase per 100 feet in various depths. 


Depth in Increase of Temp. per 100 feet 
F 


Rhen. feet Reaumur. ‘ahrenh. 
900 1097 2-468 
1,100 1°047° 2°356° 
1,300 0:997° 2°243° 
1,500 0-946 2°182 
1,700 0°896° 2-018" 
1,900 0-846 1:904° 
2,100 0785 1°789 
8,390 0°608 1368 


While for the lowest 100 feet it was 0°445° R., (1°001° F.). 

It is indisputable that this diminution of increase would 
have resulted in ifs complete disappearance if a continu- 
ance of the work would have been feasible. The depth 
at which this takes place has been variously estimated at 
from 5,000+ to 100,000¢ feet. At all events it may be as- 
sumed that the temperature at this point will not be high 
enough to melt lead, since the highest temperature recorded 
at the depth of 3,390 feet—862 feet above the bottom—was 
found to be: 

86-756" R.=114°701° F. 

It is evident from the foregoing that such ‘‘a very doubt- 
ful thing ” as a molten interior should at present be used in 
scientific discussions in a very guarded way. There is al- 
ready quite a number of scientists who have discarded this 
hypothesis entirely ; they consider the earth as solid through 
out, and the volcanic regions—which constitute after all only 
an insignificant portion of the earth’s upper strata—they de- 
clare to be due to local causes. (Hopkins, Karl Vogt, 
Karl Fuchs, Sterry Hunt, Sir Wm. Thomson, Poulet, 
Stroup, and others.) 

The subject in question, however, does not at all necessi- 
tate an explanation by meansof sucb an improbable hy- 
pothesis as a molten interior. The greater agp | of 
gravity on oceanic islands allows of satisfactory explana- 
tion, which is not only in full accord with the laws of gravi- 
tation, but which will ultimately lead to a definite solution 
of the problem whether the true figure of.the earth is an 
ellipsoid with three different axes, as is held by many at the 

resent time, or whether it really is what theoretically 
it should be: a@ rotatory ellipsoid. And finally, it will give an 
opportunity for a definite determination of the proportion 
between axis and equatorial diameter. 

Before proceeding to give this explanation, and at the 
same time prove its correctness, it is proper to recall the re- 
sults of the more important attempts that have been made to 
determine the true figure of the earth. The arduous labors 
of the numerous scientists, and the liberal support of the 
various governmeuts interested in the solution oF this prob- 
lem, combine to form one of the most brilliant chapters in 
the history of human progress. And although it has been 
reserved for our ceatury to find the real solution, it was only 
due to the methods employed by these men that they did not 
succeed in permanently settling this question, not to any 
want of intelligence and assiduity on their part. 

The first successful attempt—not including the labors of 
Eratosthenes (276-192 B.C.) and Posidonius (135-51 
B.C.), which were accurate enough considering the rudi- 
mentary knowledge and the limited means of observation of 
these ancient philosophers—to measure the length of a meri- 
dian was made by Pierre Picard (1669 A.C.). By the 
method of friangu/ation devised by Snellius, who was pre- 
vented by sudden death from completing a similar task, 
Picard determined the length of one degree; the distance 
between the two cities of Paris and Amiens, situated ov the 
same meridian, Was known to measure this exactly. But his 
results were loaded with many errors of observation and cal- 
culation—they gave too small values. The consequence 


was that other surveys, made in the south of France, gave | 


larger values by 800 to 1,000 feet as the actuallength of one 
degree. This seemed to point to a peculiar lemon-shape of 
the earth, a view which was untenable in the face of the 
elder Cassini’s observations, and Newton’s and Huy 
ghens’ calculations. 
an had measured Jupiter's oblateness, and the great Eng- 


For just about that time the great Ital 


beyond the wer vy ! of any doubt. Soon, however, it 
that 


was found the curvature of different meridians, nay, 
the curvature of one and the same meridian in different lati- 
tudes, was not atall as uniform as theory requires them to 
be. The radius of curvature was found to be so changing 
that the apparent figure of the earth could not be said to re- 
semble a solidum revolutionis at all. It does not seem to 
approach the theoretical figure of arotatory ellipsoid, but 
rather resembles an ellipsoid with three different axes. 
These apparent irregular variations of curvature have also 
been the cause that the flattening at the poles has been 
found by different authorities to range from x}, to yj, of 
the earth’s equatorial diameter. 

But the earth must o ity be a rotatory ellipsoid, since 
the two agents to which its figure is due—attraction and 
centrifugal force—act on it exactly as theory requires. It is 
of no account whether—as is generally supposed—the earth 
was sha when in a state of original fluidity, or 
whether its present figure is supposed to be due solely to 
the great body of water, covering over three-fifths of its 
surface.* The truth of this proposition has been establish- 
ed by the calculations of pd an eminent authority as G. 
C. Stokes, in apaper ‘On the Variations of Gravity on the 
7 of the Earth.”+ 

He says there: 

‘On adopting the hypothesis of the earth’s original fluid- 
ity, it has been shown that the surface ought to be perpen- 
dicular to the direction of gravit 
the form of an oblate spheroid of small ellipticity, having 
its axis of figure coincide with its axis of rotation, and that 
gravity ought to vary along the surface according to a sim- 

| ple law, leading to the numerical relation between the ellip- 
| ticity and the ratio between polar and equatorial gravity, 
which is known by the name of Clairaut’s Theorem. 
Without assuming the earth's original fluidity, but merely 
supposing that it consists of nearly spherical strata of equal 
density, and observing that its surface may be regarded as 
covered by a fluid, inasmuch as all observations relating to 
the earth’s figure are reduced to the level of the sea, La- 
place has established a connection between the form of the 
surface and the variation of gravity, which, in the particu- 
lar case of an oblate spheroid, agrees with the connection 
which is found on the hypothesis of original fluidity.” 

And again: 

“The near coincidence between the numerical values of 
the earth’s ellipticity, deduced independently from: 

**1. Measurements of arcs;t 
| ‘2. The lunar inequalities (which depend on the earth’s 

| oblateness); 

«8. Pendulum experiments (calculated by means of Clair- 

aut’s Theorem); 

is sometimes regarded as a confirmation of the hypothesis 
of original fluidity. It appears, however, that the form of 
the surface (which is supposed to be a surface of equili- 
brium) suffices to determine both the variations of gravity 
and the attraction of the earth on an external particle, and, 
therefore, the coincidence in question, being a result of the law 
of gravitation, is no confirmation of the hypothesis of original 
Juidity.” 

And while reviewing the mathematical results arrived at 
in his calculations, the able Secretary of the Royal Society 
continues: 

“The earth may be regarded as bounded by a surface of 
equilibrium, and therefore the (mathematical) expressions 

reviously investigated may be applied, provided the sea- 

evel be regarded as the bounding surface, and « 
gravity be reduced to the level of the sea by taking account 
only of the change of distance from the earth's center.” 

Having thus paved the way for further inquiry, he at- 
tacks the problem with which M. Faye bas—not very suc- 
cessfully—grappled, and arrives at conclusions directly op- 
posite to those of the great Frenchman. He says: 

“ . . , Tt is an interesting question to consider 
whether the observed anomalies in the variation of gravity 
may be attributed wholly or mainly to the irregular distri- 
bution of land and sea at the surface of the earth, or whether 
they must be referred to more deep-seated causes.$ 


; 


Since a level surface is everywhere perpendicular to the 


vertical, it follows that the sea-level on] a continent is| 


higher than it would be at the same place if the continent 
did not exist. It appears probable that the observed 
anomalies in the variation of gravity are mainly due to the ir- 


regular distribution of landand seaon the surfaceof the earth.” | 


The observations of gravity, referred to by Mr. Stokes, 
are to be determined by pendulum experiments, and it is 
one of the most splendid results of his investigations that he 
has shown thereby how the real figure of the earth can be 
determined just by such experiments. For, as we have 
seen, the results of these pendulum experiments are not at 
all affected by this or that hypothesis in regard to the dis- 
tribution of density in the earth’s interior. 


In this manner we may determine the real figure of the | 


earth, independently of all the other means of observation, 
and with the least possible error, What we may expect 
from this method, and how far the somewhat meager re- 
sults it has uotil to-day accomplished may justify us in 
advocating its universal application, will form the subject 
| of another paper. I 


| We have mentioned in our last paper the fact that the re- 
| sults of all the various surveys have revealed apparent differ- 
} ences of curvature, not only for different meridians, but 
even for different portions of the same meridian. 


lishman, as well as the renowned Dutch philosopher, had | all these apparent abnormalities are due, viz.: Zo variations 


»inted out the centrifugal force as the cause of this flatten- 
i at the poles, and calculated the same to amount at the 
= he of our planet to from 20(N.)} to 75 (H.) miles. 

To settle this important question the French Academy of 
Sciences organized two expeditions, one of which was sent 
north (to Lapland), and the other south (to Peru). While 
the results of these expeditions were being prepared for pub- 
lication, the younger Cassini carefully revised Picard’s 
surveys and calculai.ons and corrected them, thereby mate- 
rially changing the result. Thus, at last, the length of one 
degree was found to be: 


Pp 


Toilses. Feet. Meters. 

In Lapland: 57,487 344,622 111,955 
** France: 57,012 342,072 111,116 
** Peru: 56,753 340,518 110,616 


This seemed to close the discussion as to the real figure of 
the earth; the lemon-shape was no longer tenable, and the 
orange-shape had to take its place. hus Newton’s and 
Huyghens’ theory of the earth’s oblateness was confirmed 


* Friedrich Mohr, Geachicte der Brde. 
+ Mohr, |. e. 


t Herm Klein, Die Fortechritte auf dem Gebiete der Geologie, No. 2, 
1874-1875, p. 57 


2 Aufl., Bonn, 1875, p. 200. 


| tn the intensity and direction of gravity. 
| <A. The intensity of gravity is subject to three causes of 
| variation, viz.: 





| _*Fr. Mohr, Geschichte der rde; 24 Fd, M. Cohen _& 8., Bonn, 1875. 

| On page 435 there is a chapter “On the Odlatencss of the Earth,” from which 
a few passages may be quoted: “It does not » to explain the con- 
stancy of the earth's oblate figure simply by the assumption of its original 
fluidity; it is the figure of the great oceans which preserves it. Whatever 
shape the earth may have had formerly, the existence of both its oceans 
and its rotation must at last give it the figure of an oblate Even 
if we conceive the earth to have had originally a shape resembling, ¢. ¢..4 
tetrahedron, the oceans would have covered its triangular surfaces in the 
form of flat ares. The angles would have projected fer miles 
into the atmosphere, and been subjected to tremerdonsly efficient glacial 
action. With this rasping off of these angular projections, the sea would 
have more and more retreated, and since action can only take 
place above the level of the sea, it is evident that the earth's figure would 
gradually have assumed a sphe form, by its rotation some- 
what oblate. The constant destruction by glacial action, therefore, tends 
to preserve this figure of an oblate spheroid much more correctly and effici- 
ently than its original fluidity could have done.” 

+ Cambridge Philosophical Transactions, VITI., 1849, p. 672. 

t In the surveys and triangulations for thie purpose the lead and line, as 
well as the leveling instrument and the theodolite, are infh d by the 
variations of the direction of terrestrial gravity, as will be seen further on. 

§ Variations of density, such as Faye and Airy assumed to be caused b 
uneqaal cooling of the deeper strata ny 7 

| Se., the border (coast) of.—G, W. R. 





We have | 


| also suggested the source of error to which very probably | 


' Pulo Gaunsah Lout...... 


== 
1. The distance from the earth's center; and 
| 2. The ity of the intervening medium, whether solid 
| land) or liquid (sea), and the depth of the latter. 
| 8. The intensity of centrifugal force. 
tion, — of gravity is subject toone cause of vari, 
| The proximity, extent, and mass of elevations, i. ¢, hills 
}mountains on level land, and the continents bordering 
| oceans. 
| To begin with the last, it is well known that Hutton ang 
Maskelyne were the first to determine by actual measuys. 
ment the deviation of the direction of gravity caused by gp 
|isolated mountain. They found that the Schie 
changes the direction of the lead from the true vertical by aboug 
51¢ seconds. Others confirmed this result by determintag 
| deviation caused by other mountain ranges. Col. Stebni 
|of the Russian army, for instance, found the deviatigg 
| caused by the Caucasus Mountains to amount to Dearly 9 
| seconds. The only exception io this rule seemed to be the 
| gigantic Himalaya range, which, according to the 
tions of Bessel and Airy, on the basis of the resultso 
by the great Indian triangulation, did not show any deyig. 
| tion of the lead. The first who doubted the accuracy of 
|these results was Pratt; but, having the two authorities 
| named to contend against, his protests were hardly noticed, 
He was sustained, however, by Fischer, who had found, jp 
| dependently of Pratt, that both the base lines and the aregof 





; that it ought to be of | this Indian survey were of such an extent as to require the 


juse of too great anumber of coefficients. Thus he way 
enabled to show that the deviation of the lead caused by the 
Himalaya Mountains was concealed by too great a possible 
error; for which error the great distance to the sea coast js 
principally responsible. e calculated the least possiblede. 
viation caused by the Himalaya Mountains at Kaliana, the 
northernmost station of India (nearest to the range) at not less 
than 35 seconds. 

The explanation for the supposed want of such a deviation 
which Sir G. Airy proposed has been noticed in the pam 
graph contained in No. 13 of the ScrENTIFIC AMERICay, 
| viz: That the Himalaya Mountains reach down into the 
| denser liquid interior, and there displace a certain amount 

of this liquid, so that their own attractive force is the 
lessened, They are floating, as it were, on, or rather par 
tially in, the liquid interior of the earth. 

This hypothesis is certainly untenable, since the twoas 
sumptions on which it is based are themselves untenable, 
Not only have Fischer and Pratt shown that the probe 
| ble error contained in the results of the surveys is 
| enough to offset the possible variation of the direction of 

| gravity—the liquid interior itself, as has been shown, is be 
| coming more and more problematical in the light of recent 
| developments. 
| As to the deviation which the direction of gravity is 
| subject to on oceans near the continents which form 
| coast, this cannot be expected to be determined by direct 
observations, for the reason that, as has been alluded to be- 
fore, the surface of the oceans themselves is affected by this 
jattraction. Fischer’s careful and extensive calculations 
| have led him to assume a deviation of from seventy t 
| eighty seconds as an .verage, while at certain points it may 
| even come near to 100 seconds, as, for instance, on the weat- 
ern coast of Sonth America, with its steep coast line and its 
| high a? and mountain ranges, averaging from 12,000 to 
eet. 

The variations of intensity to which gravity is subject are 
of very great importance, in as far as a correct appreciation 
of their causes and their extent will be the only means to 
solve definitely the problem of the true figure of the earth. 
And the means to do this are pendulum observations, since 
the rate of oscillations depends on the degree of inten- 
sity with which gravity acts on the pendulum in different 
localities. 

1. As to the distance from the earth’s center, the rate of 
pendulum oscillations diminishes with its increase and 
increases with its diminution. The same pendulum will 
make an increasing number of oscillations when ob 
served on various points of the same meridian in the 
direction from the equator toward the pole. 
polar, being about 264¢ miles Jess than the equatorial di- 
ameter, a pendulum vibrating seconds at the equator would 
make about thirteen more vibrations in a day at either pole, 
being nearer to the center of gravity by thisdistance. Theo 
retically speaking, the number of oscillations of the same 
pendulum ought to be the same on all stations occupyi 
the same circle of latitude, provided, of course, they 
the same altitude. For, if we carry the plummet from the 
foot to the summit of a mountain, we increase its distance 
from the center of gravity, and thereby diminish the rate 
of vibrations. And to every 119 meters in a vertical d 
rection corresponds one vibration of the pendulum. 

To the same cause must be attributed the well-known fact 
that the intensity of gravity above the oceans is greater than 
it is on the land, even at the sea coast. It is very difficult 
to understand how a man of the great and extensive 
| knowledge which M. Faye possesses could try in earnest to 
explain this phenomenon in the way he did, éz., 

‘under the oceans the globe cools more rapidly and to4 
greater depth than beneath the surface of the continents.” 
As early as 1842, M. Saigey, a countryman of the great 
| Academician, has, in his ‘* Petite Physique du Globe,” given 
| the true explanation. The continents exert the same it 
| fluence by the action of their attraction on the waters of the 
ocean that great mountain ranges have on the plummet 

Vv this attraction the level of the sea, at the coast of the 
| great continents, is raised to a much greater height than it 
occupies ir mid-ocean. 

The same phenomenon bas also been described and its ex 
tent calculated by Stokes and Fischer. While Saigey had as 
sumed the voanha. height of the coast-line above the level 
of the Atlantic in mid-ocean to be about thirty-six meters 
Fischer has given between 600 meters and 900 meters # 
the probable elevation of the coast line above the sea-level 
in mid-ocean, an estimate which is not at all too high. For 
the rate of pendulum oscillations obtaining on isol 
islands in mid-ocean is a sure indication of the real extent 
this lowering of the general level of the oceans to a 
heretofore unsuspected ; this is evident from the following 
table, which gives the daily increase in the rate of osc 
tions of a pendulum vibrating seconds at London: 
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These figures show that Fischer’s estimates are-rather too 
than too great. 

The latter supposition is strengthened by a glance at the 

influence of the causes mentioned under the second head, 

the circumstance whether the medium intervening 


cones surface and center is partially liquid, and to what 
“extent. For, the deeper the ocean, the more must the at- 


traction of gravity by the upper strata be lessened as against 
shallow water, not to — of dry land itself. 

‘As is well known, Mr. Siemens, the eminent London 
engineer, has constructed an instrument, the dbathometer, 
wbich enables those on board of a ship to read from its in- 
dex the depth of the ocean beneath them. It consists of a 
highly sensitive steel spring, to which a heavy piece of 
metal is attached ; the changes in weight which the latter is 
wubject to in consequence of the variations of attractive 
force (the deeper the ocean, the smaller the latter, and vice 
versa), are registered on a scale by the indicator that is in | 
connection with the steel spring. This instrument will be | 
in future, when the true figure of the earth shall be the sub- | 

for which numerous pendulum observations on various 
ints of the globe shall be systematically instituted, of con- 
siderable value, because it is an admirable substitute, and 
the only one known at this time, for such observations as 
these are infeasible on ship-board. It would, of course, be 
necessary to apply an important correction, in as far as the 
level of the great oceans 18 nearer to the center of gravity 
hy many thousand feet, a circumstance which influences | 
results in a directly opposite way. The coefficient could, 
however, be ascertained in two ways, viz. : 

1. By comparing results obtained over great depths, 
measured previously by lead and line; and 

9. By comparing results obtained on isolated isles in mid- 
ocean with these obtaining over great depths in its nearest 
neighborhood 

e third influence, the intensity of centrifugal force, 
js one which for our purpose deserves only passing 
mention. It is a factor which allows of accurate computa- 
tion by theoretical calculations. Having on the equator 
about as great an effect on the intensity of gravity, as has | 
the greater distance from the center of gravity in this 
region, it diminishes gradually toward the poles, where its 
action ceases entirely. 

The true figure of the earth is, therefore, a physical pro- 
blem which may be solved with tolerable accuracy; but it is | 
not by geodetic work, however, that the most reliable solu- 
tion will be arrived at, but by pendulum observations, as- 
sisted by experiments with the Siemens- bathometer. And 
it is, indeed, very fortunate that this should be so, since the | 
latter method is much more simple and much less expen-| 
sive. A pendulum, vibrating seconds at London, Wasb- | 
ington, Paris, or any other primary station, being taken as | 
the standurd, principal stations on large plateaux, near high 
mountain ranges, at the sea coast, and in the midst of great 
oceans (on isolated islands), will give the true figure of the | 
earth by showing its deviation from its theoretical figure of 
a revolving ellipsoid. For it is not the sea coast that | 
should be made the basis of the’e observations, but the sur- 
face of the great oceans, ¢. ¢., their distance from the earth’s 
center. 

Of course geodetic work in the way of triangulations should 
assist this work of systematic pendulum observations, since 
they are a valuable controlling adjuvant; and as Dr. Hann 
suggests, in an excellent paper on the subject, such surveys | 
should be begun at once in our Southern States. They 
would be especially adapted to the purpose, forming as they | 
do a direct counterpart to the great East Indian triangula- 
tion, which has principally given rise toand sustained the 
view of Clark, that the earth is an ellipsoid with three dif- | 
ferent axes. 

_Itis certainly an object worthy of the earliest considera- 
tion by the officers of our Coast Survey and our Signal 
Service; and the United States, by instigating these final ob- 
servations to determine the true figure of the earth, would 
add another leaf to the glorious history of their scientific | 
discoveries. 

——<— } 


IN WHAT WAY DOES THE SUN GIVE LIGHT | 
AND HEAT? 


ALL science should harmonize and all deductions from 
scientific facts should agree. A single proved scientific 
fact is of more value than a thousand theories, and pleasing 
structures builded on partially understood laws must be 
remorselessly sacrificed to truth. The inverted pyramids 
of argument which have been set up on the theory that the 
sun is a vast heat and light radiating body, are not all logi- 
cal deductions from scientific facts, and in regarding them 
one is disposed to cry; Give us light, more light! 

We do not purpose to prove anything, but simply to call 
attention to some facts which tend to show that the idea of 
the sun giving light and heat directly is neither a reason- 
able nor a logical deduction from facts. 

That the sun is the source of heat, or rather, so to speak, 
the heat motor of the solar system, is evidently true. 
Purther, it is, as Tyndall says, the source of all activity | 
upon the earth, and this being so, the question arises, By | 
What subtle intluence does it work ? . 

far as we know light and heat are the manifestations | 
of the sun’s power. The argument that we receive these by | 
direct radiation from the sun involves many difficulties and | 
contradicts much of what we know as to the workings of | 
nature’s laws. The vast waste of power which that method | 
involves is opposed to our reason and to the simplicity 
Which marks nature’s laws. . 

Take, first, certain propositions, and then see how far they 
are sustained by observed facts: 

l. Heat is static energy. 

2. Electricity is dynamic energy. 

8. Heat is a product of electricity. 

4 There is no energy without electric action. 

5. All snergy is from the sun. 














| 


| known facts to assume that 





: The sun’s energy is solely electrical. 
oan" forms of light and heat are resultants of electrical 


ok has been well remarked that one of the principal 
ee a man has tocontend with is combustion. To be more 
- rate we should say that the principal business of life is 
regulation and control of combustion. We know more 
phe oro then people of ancient times, but as science | 
ae a Its, we may suppose it possible to learn more of | 
raed simple phenomena. To the scientist combustion | 
with 8 the change that is constantly taking place in matter 
More or less rapidity, of which fire is but a single 
» the one most noticeable to our senses. 

Ist, tha ng at combustion in the wider sense, we are ta 
is t by the combustion of materials belonging to w 


med the vegetable kingdom (which strictly speaking | employed. appeara 
rep ced | to the picture itself the nebula is very distinct in ite The first objection the astronomer has to observing the sun 


only materials that are produced and reprodu 








ht, | photographic plates are gelatino-bromide, ap 
|eight times as sensitive oo the wet collodion formerly about this time the same star will reappear, and the interval 


| upon the earth by the sun’s action) the product is heat, in- bright portions. The stars of the Zrapezium and some 
tense in proportion to rapidity of combustion, and such | others are so greatly over exposed that under the magnify- 


combustion 


ing simply a chemical change of the con-| ing power employed they assume a large size, partly from 


stituent elements of non-metallic bodies, the produet of | atmospheric tremor and partly from other causes. It is 


heat may be ed as a manifestation of the energy in- 
volved in the change. 

2d. The product or manifestation of energy in the 
combustion of bodies consisting wholly or partly of metal- 
lic elements is electricity. 

Stated in another form, heat is the product of combus- 
tion of materials which are non-conductors of heat and 
electricity. Electricity is the product of combustion of 
materials whicb are conductors. 

8d. Heat is also produced by the arrest or retardation 
of energy or force, in any form, especially of the electric 
current. 

4th. Electricity is produced when heat is converted to 
magnetism, as in the frictional and other electric machines, 
more directly in thermo-electric machines. 

Electricity may, then, be said to be a mode of motion, or 
dynamic energy, and by parity of reasoning heat is static 
energy. 

Something may also be learned in this same direction 
by comparing the known effects of the electric current 
with the effects of the sun’s energy. For a simple example 
take electrical decomposition, and its effects in the pro- 


| duction of colors. 


In automatic telegraphy, wherein the currents are ed 
through paper saturated with chemical solutions, iodide 
of starch, for instance, the dots and dashes are produced 
by decomposition of the chemicals, the color varying with 
the materials used for saturating the paper. This may be 
regarded as a direct application of electricity. Indirectly 
and more slowly the same effect is produced by the electric 
light, and in photography the equivalent action of the 
electric light when used in place of sunlight is well known. 
Sunlight produces the same effects. he leaves of the 
trees and all vegetation take their hues from the sunlight 
action. 

Chemical analysis of leaves proves the existence of 
iodides and other chemical substances that are decomposed 
by sunlight and color produced. We suggest here an ex- 
periment of growing plants out of sunlight, and subjecting 
them during growth to weak electric currents and the 
electric light. hrifty full colored plants can, we believe, 
be propagated in that manner. 

A further comparison of sunlight and the electric light 
is instructive. Compare the electric are out of vacuum, 
intense in brilliancy and accompanied with intense heat, 
with the soft diffused light produced with Geissler tubes, 
the former limited in length, whilein the latter, the cur- 
rent, relieved from air, seems to expand like a compressed 
fluid relieved from its confines. Since the presence or 
absence of air makes such a difference the question arises, 
What function does it perform? and does it not perform 
a similar function in relation to the energy given off by the 
sun? We know that as we ascend to thin atmospheres the 
air grows colder. Why should that be? The reasons usually 
given are not satisfactory; it is far more logical to assume 
that if we pass beyond our atmosphere we shall find an 
entire absence of heat and light. 

Again, light and heat are said to travel to the earth from 
the sun. It is more reasonable to our minds to say that the 
sun’s energy travels to the earth and is changed to light 
and heat by the earth's atmosphere, or rather changes the 
earth’s atmosphere to light and heat. 
two elements. To unite them chemically requires intense 
heat. Electricity bas the power to directly unite the ele- 
ments necessary to form nitric acid. Is it any violation of 
the sun’s energy unites 
the elements of the air, and produces light and heat by pro- 
duction of compounds such as nitrous anhydride and 
ozone, both of which gases we know so little about, and 
which are closely connected with electrical phenomena? 

As this article is intended only to be suggestive, enough 
has been said to stimulate thought and experiment. e 
add only this final thought, which embraces all. May we 
not see clearly, sooner or later, that the sun’s energy is sim- 
ply electricity; that it isa vast battery of minerals in a 
state of combustion, and that its vapors are the gases 
thrown off by every electric battery? Then we shall 
understand better than ever before the grand simplicity of 
universal laws 

The strongest arguments against any of the propositions 
stated above will be found in the usual deductions of 
astronomical science. Our propositions, if true, contradict 
much that is generally accepted as truth, but in that case 
so much the worse for astronomy. W. 


THE NEBULA IN ORION. 
By Proresson Henky DRaPER. 


THE gaseous nebule are bodies of interest because they 
may be regarded as representing an early stage in the 
genesis of stellar or solar systems. Matter appears to exist 
in them in a simple form, as indicated by their simple 
spectrum of three or four lines. It is desirable, therefore, 


to ascertain what changes occur in the nebule, and de- | 
termine, if possible, the laws regulating their internal | 


movements. Drawings by hand have been made of some 
of the nebule, and especially of the nebula in Orion, for 
upwards of 200 years. But drawings are open to the 


objection that fancy or bias may distort the picture, and it | 


is, therefore, difficult to depend on the result, and to com- 
pare the drawing of one man with that of another. To 
apply photography to depicting the nebule is difficult, be- 
cause these bodies are very faint, and of course, owing to 
the earth’s motion and other causes, they seem not to be at 
rest. They require a large telescope of s 
struction, andit must be driven by clock-work with the 

reatest precision. All such difficulties as those arising 
rom refraction, flexure of the telescope tube, slip of loose 
bearings, atmospheric tremor, wind, irregularities of clock- 
work, foggy or yellow state of the air, have to be encoun- 
tered. he photographic exposure needed is nearly an 
hour, and a slip or movement of a very small fraction of 
an inch is easily seen in the photograph when it is subjected 
to.a magnifier. 

The means I have used to obtain the picture are as 
follows: A triple achromatic objective of 11 inches 
aperture, made by Clark & Sons, according to the plan of 

r. Rutherfurd, for correcting the rays copecteliy for 
photography: This telesco uatorial 
stand and driven by a cloc 


is mounted op an 
that I made m ’ 
are about 


Air is a mixture of | 


ial con-| 


probable that much more of the nebula will be obtained in 
| pictures taken in the clear winter weather. This photo- 
graph was made at the end of September, when there was 
some fog in the air ; but nevertheless, the original shows 
| traces of the Outlying streamers seen in the drawings of 
| other observers. A series of photographs taken at various 
| times of the winter season and in different years will give 
us the means of determining with some precision what 
changes, if any are taking place in this body.—Proceedings 
| National A y of Science, New York, 1880. 


| “TELLING THE TIME.” 


| A lecture by Prof. Waxpo, of the Winchester Observatory 
of Yale College. 


Proressorn WALDO, astronomer in charge of the Horolog 
ical Bureau of Winchester Observatory at Yale College, 
recently delivered the sixth lecture of the unnual course to 
mechanics, given by the Sheffield Scientific School of New 

|Haven. Many of the college professors were present with 
their families, and the iarge hall was filled wich an attentive 
audience. Prof. Waldo was surrounded by considerable scien 
tific apparatus, among others, the necessary appliances for 
exhibiting upon a screen the various objects bis lecture was 
intended to illustrate. The display upon the screen of the 
movements of a watch in motion, with the motion plainly 
apparent; the dropping of the time ball, and the firing of 
the noon gun—in this case a pistol—both by electricity, with 
dramatic pauses of expectancy, and various other episodes, 
were highly interesting features of the evening’s excellent 
entertainment. 
| The subject of the lecture was ‘‘ Telling Time,” and we 
| present the following synopsis of ¢he Professor's remarks: 

I feel very much as though this occasion had been con- 

trived as a polite means of calling the Observatory people 
| to account for the radical idea of obliging a literary and 
| a university town to keep a strict regard for time. Exact 
time belongs tu railroads, to express companies, to science. 
The generous life of literary effort forbids the cramping in- 
fluences of a day with an arbitrary twelve oabeek. The 
soul of heart rebels against a clock which does not err, or a 
watch which counts the eighty-six thousand four hundred 
seconds of a day with precision. The gentle and persuasive 
owners of those wonderful pieces of ornamentation and bad 
time-keeping qualities—ladies’ watches—feel aggrieved at 
any precision which their little jewels cannot comprehend. 
It is to show you how excellentare our motives, bow precise 
our results, how great are the benefits, that we shall address 
ourselves this evening. 

The time-balis dropped from their masts at Deal, at Cape 
Town, and from the magnificent head of Sydney Harbor, 
are perhaps familiar to you, and it will be to you not an un- 
instructive thought that even in distant British colonies there 
exists this thoughtful attention to the needs of every ship, 
domestic or foreign, which enters the port. You will reflect, 
doubtless, that until within quite recently this kindness has 
not been reciprocated in one American seaport. And you 
will be gratified to know that the Western Union Telegraph 
Company now display, at five minutes of twelve, a ball at 
| the top of a mast placed on the highest pinnacle of their 
Broadway building in New York; and that precisely at 
noon, as indicated from the U. 8. Naval Observatory, Wash- 
ington, it falls from its conspicuous position. The query of 
the Cambridge poet rises on our lips— 





* Well, neighbor, tell us wut's turned up that’s new! 
You're younger’n I be—nigher Boston tu; 
An’ down to Boston, ef you take their showin’, 
Wut they don’t know ain't hardly wuth the knowin’, 
There’s suthin’ goin’ on I know.” 


That the Harvard Observatory drops its signal of Boston 
noon, and that there is now an effort to have time-balls at 
|the important ports of our coast. I have mentioned the 
| time-ball first, because it has secured for itself a wide recog 
| nition as the simplest way of announcing an arbitrary in 
|stantof time. But like the newspaper dropped at the door, 
| or the water which flows upon turning the faucet, the sim- 
: ple result attained in the dropping of a time-ball is the out- 

growth of the most refined principles of mechanism, and is 
the product of skillful assiduity of the astronomer. It is our 
province now to ask these questions—‘‘ Where do we get 
and bow do we keep our time?” These questions come with 
force at the moment when we stand looking alternately at 
| the face of our watch and the rear platform of a departing 
train; or when the Gold Stock Exchange closes one minute 
before we thought it would; or when some majestic steamer 
wrecks in a fog on our coast because her chronometers are 
at fault. 
| But we are chiefly to concern ourselves to-night with the 
| instruments used to fix observatories for determining time. 
You are aware that the stars are located on the celestial 
sphere by a system of co-ordinates, closely resembling our 
| terrestial ones of latitude and longitude. These are called 
declination and right ascension. Now declination the as- 
tronomer measures with carefully graduated circles, but in 
measuring right ascension, the astronomer fixes bis instru- 
ment in one plane, and notes by his clock how long after one 
star passes this plane another follows it. But he must be 
able to measure this interval of time witb a degree of accu- 
racy which corresponds to the accuracy reached with the 
graduated circle. Hence the Observatory continues to be 
recognized critic of the performances of time-pieces, for 
nowhere else in the arts or sciences is the exact measure 
ment of considerable intervals of time of such vital import 
ance. The instrument almost universally used in deter- 
‘mining the time is the astronomical transit instrument. 
We have before us to-night a very beautiful specimen of this 
instrument, presented to the college by Dr. Hillhouse. You 
notice that it has but one motion, simply round this 
axis which points east and west, and makes a right angle 
with the telescope tube. Now, asI take hold of the tele- 
scope, you see the telescope only moves from the north to 
the south, that is, in the meridian. If we suppose this axis 
to be perfectly horizontal—and this delicate level rests on its 
pivot and will tell us if it is not so—I think you will readily 
see that the astronomer has only to point the instrument so 
that it will bave the same altitude as a star approaching the 
meridian, in order to have that star visible in the telesco 
ag it crosses it. Now, if we imagive the star to be e ly 





The in the center of the field of view of the telescope, to-night, 


and if we do not move the telescope, to-morrow night at 


between its two successive neces is one sidereal day. 
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for time, is that it is difficult to get enough stars in the day | if it is constantly exposed to the jar of the person in walk- 
time to determine the position of the instriment, and another} ing or running. The precision obtained in the very finest 
objection is found in the greater uncertainty attending the | of ket chronometers is surprising; thus, the mean daily 
transit of the sun’s limbs, which I think we can see on the| variations in the rates of the two best chronometers exhibited 
screen. We have here a beautiful photograph take from the | by the American Watch Company at the Philadelphia Cen- 
sun directly, and for which we are indebted to the skill of | tennial Exposition were twelve and fourteen one-hundredths 
Lewis M. Rutherfurd, Esq You will notice that the rounded | of a second, respectively. Quoting from a recent report of 
limb of the sun cannot be so nicely bisected as can the image | the Neufchatel Observatory on the annual competition of 
of this star which follows afterward. Swiss chronometers for prizes awarded yearly by the obser- 
Let us now examine the method of noting the transit of a| vatory, the two best pocket chronometers bad an average 
star across a wire, If I take this chronometer or that clock, | daily variation in their rates of thirteen and seventeen one- 
I can count the beats as I sit with my eye to the telescope; | hundredths of a second respectively. These rates would not 
and us the star crosses each wire; I can note the second and | discredit an astronomical clock. We have now considered the 
the fraction of a second; and a skillful observer will only | methods of determining exact time, some of the precautions 
on rare occasions estimate this fraction a fifth of a second | necessary to keep it, and our last division of the subject will 
in error. It is better, however, to lessen the errors which | be how to distribute it without sensible error. e have 
depend upon the personality of the observer, such as his ob been talking, in describing star transits, of sidereal or star 
serving too fast or too slow, and to economize the time of | time, and since the stars rise four minutes earlier every day, 
writing down the observations, torecord them automatically, | the sidereal day is four minutes shorter than our common 
by means of the chonograph, an instrument first used in this! day. Now, it is common or mean time which we wish to 
connection by an American astronomer. We have a beauti-| distribute, so first we must convert the sidereal time into 
ful one before us, and you see it consists of a metallic cylin-| mean time. . 
der around which a sheet of paper is coiled, which is re-| Let us cause the sidereal clock which is beating in the 
volved uniformly by clock work. A fountain pen rests upon | room beneath us to repeat these beats upon the telegraph 
the surface of the paper, and as the cylinder revolves the| sounders about the room. You notice the ticks are now 
pen draws a line upon it. Now, if you conceive that this | heard each second until we get to the fifty-ninth, which is 
cylinder be slowly moved along at the same time it revolves, | omitted to tell us the beginning of the next minute by 
you will understand that the pen never marks over the same | its absence. But the sidereal time is to be transferred to 
part of the p»per. Suppose that the cylinder rotates just} mean time before it is ready to go out over the telegraph 
once in sixty seconds, and suppose that I cause this clock, | lines to regulate our affairs in everyday life. If we at- 
by means of an electric current, to slightly move the pen at| tempt to compare the sidereal clock directly with the mean 
the beginning of each second; this will cause a slight notch | time clock, we shall be liable to the error of estimating frac- 
in the line, which registers upon the paper the beginning of | tions of a second by the ear; but if we remember that the 
each second; and if we omit the slight notch which would | sidereal clock gains on the mean time clock a whole second 
be made by the fifty-ninth second we can thus register the | in every six minutes, we can wait until the sidereal clock 
beginning of each minute. The telegraph key which I hold | beats exactly with the mean time clock, and then by noting 
in my hand is in the same electric circuit with the clock} the time of each clock we have a very exact means of com- 
and chronograph, and as this star is passing over the screen | paring the clocks. Here we have the familiar beats of the 
I can register its transit upon the chronograph by simply | mean time standard, beating every two seconds except at 
causing the pen to make a notch in the line by breaking the | the beginning of the minute. You will notice, by care- 
electric circuit. We have put a telegraphic sounder in the| ful listening, that the sidereal beats are gradually catching 
same circuit, so that I think you will be able to hear the| up with the mean time beats, and they are now beating ex- 
beats of the clock quite to the other end of the hall. There | actly together. Let us note the times W each clock. Now, 
comes one star, and as it crosses each wire you will hear the | you will see by the short calculation I have just made to 
familiar telegraph tick which tells us that we bave made a/ reduce our sidereal time to the true mean time of the stand- 
slight notch on the chronograph which records the star's! ard we adopt, that our clock is now eight hundredths of a 
transit. Now, suppose that this slight notch we afterward | second slow; an amount so small that [ hope none of our 
find occurs six-tenths of the way between the thirtieth and | good friends the jewelers and ruilroads will take us to task 
thirty-first second. Then we know that the star’s transit | about it. We shall reduce this error to nothing by altering 
occurred at thirty-one seconds and six-tenths of a second of | the clock. Thus we have a mean time clock set perfectly to 
a particular minute, After an evening's observation, the | mean time, and by means of an electric circuit ready auto- 
sheet is removed from the cylinder, labeled, and tiled away | matically distributes its beats over as long a circuit as we 
with the records of the Observatory. choose. We have about the hall a miniature telegraph line 
Having obtained the error of our time-piece to within a} with telegraphic instruments at two or three points, which, 
twentieth of a single second, the next question is, How shall | if x please, we will imagine to be Hartford, Springfield 
we keep the time-piece so that it will have the same error| and New York. We have only to switch the clock into this 
to-morrow night that it has to night; or failing in this, how | circuit, with some precaution to avoid the strong battery 
shall we preserve the same relation between the errors on| power used, and you hear immediately the beats of the clock 
consecutive nights? In other words, how shall we know that | registering themselves at each station, In order to distin- 
the time-piece gains or loses regularly? This leads us to| guish the beginning of the minute the last five seconds are 
speak of the way clocks and watches keep the time from| struck. In addition to this omission in our Observatory sys- 
day to day. 
of any time-piece is found in noting the regularity with | each five minutes. Fora single signal it is customary to 
which it gains or loses. Thus a clock’ which gained ten | resort to the time-ball, or the time given, both of Which re- 
seconds a day might bea very much better one than another | quire considerable mechanism which shall act automatically 
which gained and lost, alternately, ten seconds a day.| fromthe clock. I think we can illustrate the first of these 
Though at the end of the week the be'ter clock would be a| methods by means of the simple ball you see suspended be- 
minute more in error than the secondove. The pointI wish| fore you. It should be electrically released the instant the 
to illustrate is that with an accurate time-piece we can al-| second hand of the clock reaches the beginning of the min- 
ways predict what its error will be, for some days in advance, | ute. In regard to the gun the Astronomer Royal for Scot- 
while with a poor time-piece we can form no idea from the | land observes: ‘* You would do well, if you can, to pull the 
determination of its error on two nights, what it will be on | trigger of a time-gun, for there are no means under heaven 
a third one. Now it is to the elimination of the sources of | equal to a gun for speaking to human nature and obliging it 
error in clocks and watches that the attention of the artisan | to attend.” 
is directed; and the practica! form which successive im-| The gun we have extemporized will be discharged at 
provements take is in more perfectly protecting our time-| the commencement of the next minute. I cannot speak 
pieces from the effects of temperature changes, and from | to you to-night of the many other methods communicatin 
those resulting from variations of friction in the movement. | the time by means of electric clocks or the display o 
In the clock we endeavor to guard against the effects of tem-| the time regulated from the Observatory. Nor can we 
perature on the pendulum by uniting two metals in such a| speak of the plans of our Observatory for the encouragement 
way that one expands upward while the other expands of a higher excellence in the great and growing horological 
downward, and they are so adjusted that the center of the; industries of our country. We have left untouched great 
pendulum stays very nearly in the same position. Now| divisions in the art of measuring and disseminating time, but 
although the dock is the most perfect time-piece we have, | aregard for the subject of my lecture reminds me that 1 
yet it is still liable to the theoretical objection that its pend-| must close. Much of the pleasure in the experiments of the 
ulum swings in a circular instead of a cycloidal arc. You | evening is due to the kindness of Prof. Lyman in arranging 
will be interested to know that the finest clocks for astrono-| some of our experiments, and to Mr. William Beebe. 
mer’s uses are so sensitive to external influences that if the | 
barometer were to change an inch in height, it would cause 
a variation in the clock’s rate of about a quarter of a second | 
per day; and I might mention that in some large observatories 
the standard clock is kept in a cellar vault to avoid changes At the first of a recent series of meetings open to the 
of temperature and in a hermetically sealed glass case from | public under the auspices of the Harvard Philological So 
which the air has been partially exhausted. At the Harvard | ciety, at Sever Hall, Cambridge, Professor John Williams 
Observatory the clock which distributes the signals to Bos- | White gave a descriptive sketch, says the Boston Advertiser, 
ton and along the lines of the railroads is placed in the cel-| enlivened by the freshness that can come from a personal 
lar inside of a thick walled room which has a floor of sheet | visit of the scene, of the Theater of Dionysus at Athens, 
lead, its walls filled with dry sand and its door joints with | and touched briefly on the development and representation 
felt. Our own clocks, used in the distribution of the stan-| of the ancient Greek drama. In considering the ancient 
dard time which is soon, we hope, to become the recognized | Greek theater, said Mr. White, the theater of to-day fur- 
standard over a large area of western New England and the | nishes a contrast, and not a parallel. We go to the theater 
Eastern Middle States, are protected in a similar manner. | at night and remain three hours; the Greek was in his from 
And it is a matter of considerable interest to many of you| dawn to dark. The modern theater is open the greater 
to know how well a clock can be made to run under these| part of the year; that at Athens for three days only in the 
favorable circumstances. I will give you the variations of| spring. That temple of Thespis, the Boston Theater, will 
the mean montbly rates of the clock Howard 191 which is| hold at most 3,000 ple, and, like all the rest, is a stuffy 
now sending its beats over the city. pit saved from Gertivess only by the modern invention of 
gas; at Athens 30,000 spectators sat ep under an open 
sky, in a transparent atmosphere, with the blue sweep of 








THE THEATER OF DIONYSUS AT ATHENS. 





1879. March, rate varied lost 0°16 second. the sea in clear view, and the nibs of the Peloponnesus on 
ee. b we: ae the distant horizon. During the three days of the repre- 
June, * “00 “ | sentations at the theater, Athens was entirely Oe up to 
=... ra gain 4 = |a@ season of holiday pleasure and excitement, the festival 
Sepremaber, “ lost os at its height furnishing, perhaps, a parallel to a modern 
October, “ “ 008 “ carnival in some I city. In building the Theater of 


Dionysus, the Greeks availed themselves of the advantages 
| offered by a natural situation. On the southeast side of the 
And you will observe that these variations of rate are ex-| Acropolis was the necessary steep-sloping hillside, and 
pressed in hundredths of a second of time. | there, too, by a happy circumstance, was a spot which tra- 
Let us examine the parts of a watch as we have them upon | dition had marked as sacred to Dionysus. at of the hill- 
the screen. (Here a watch movement in full motion was/ side were hollowed, in semicircular form, the seats of the 
projected upon the screer, and Mr. Waldo explained the va-| spectators; at its foot lay the orchestra, and beyond the 
rious parts.) We are indebted to the Mechanical Superin-| orchestra the palatial stage building. The utmost row of 
tendent of the Waltham watch factory for this very inter-| seats at the top of the hillside had an actual elevation of 
esting exhibition of a watch in motion, projected against | more than 10) feet above the floor of the orchestra; and the 
the screen. The chronometer, either marine or pocket, is| seats themselves, concentering at the orchestra, are divided 
superior to any other form of watch made, if we consider! by stairways into 13 wedge-shaped figures, the distance u 
only its performance when it is kept in one position; but| the hill from the first to the last row measuring nearly 
it is inferior to almosé any other well-made form of watch |! feet. 


You all know that the test of the performance | tem, the clock omits twenty seconds immediately preceding | 


i — 
Of the stage building, which was 250 feet long ang te 
stories high, the greater part lay 13 feet further ‘= thay 
the rest, thus making two wings, one on either side, 
the s was built of wood, 90 feet in length, and the 
wall, ng from the stage floor to the top of the firs 
of the. palace, was called the scene. These distances aw 
Greek theater were so enormous that, in order to give 
actor the appearance of greater height and size, he Wore in 
tragedy buskins with soles of great thickness, ded. by 
limbs, and had a colossal mask projecting above his 
After the cy of the drama had subordinated y, 
chorus to the dialogue, the number of actors wag never 
increased beyond three, and their dresses, instead of 
adapted te the characters, were usually the ordinary Coe. 
tume, in brilliant colors, such as was worn by all citizeng jp 
festival time. Though the chorus ceme in time to be sgh, 
ordinated to the actors, it remained always an essentia) part 
of the Greek play. The orchestra (literally “ dancing 
place,” and here carrying its literal signification) where y 
chorus performed its work, had a diameter of about p 
feet, or nearly as great as the diameter of the whole g 
the Sanders eater; and at its center stood the temple of 
the god. What was the music the chorus sang, and wig 
were their dances? These are pertinent questions; hy 
uestions that cannot be answered. Though the words of 
the chorus remain, the rhythmical movement and melody apy 
lost beyond recovery. And in trying to reproduce these jp 
the foopsy ery of the ‘* (Edipus Tyrannyg” 
effort will be directed to the spirit rather than the form o 
the music, The audience, as is now well proven, comprise 
women as well as men and slaves. In the front row of 
seats were the priests and the magistrates; behind these the 
senators and distinguished strangers; next behind a 
but -natured crowd, whose appearance and actions rp. 
mind one nowadays of Harvard undergraduates, The 
crowd began to pour into the place early in the morning, qj 
bringing luncheon with them to eat between the plays, 4 
Greek audience was enthusiastic and impulsive. a un. 
usually good piece of acting in tragedy would cause the 
people to rise, to dance, shout, and cast aside their garmenis- 
and if, perchance, one’s acting was very bad, they would 
hiss, Gad evden take him to task by beating him. Th 
Greeks aimed at realism, but not as we do. We should not 
be satisfied if never allowed to see a man murdered in plain 
sight. Cesar is fairly riddled by the daggers of the con. 
spirators, and we take no offense. The Greeks, on the 
other hand, did not allow bloodshed on the stage. Jocasta, 
in the ‘‘ Edipus Tyrannus,” rushes within to her suicide, 
and it is there that GZdipus puts out his eyes. 











ARCHAIC GREEK ART. 


THE new Professor of Archeology at University College, 
London, Mr. C. T. Newton, C.B., D.C.L., K 

of the Greek and Roman Antiquities in the British Museum, 
wound up his inaugural course of lectures on ‘ Archaic 
Greek Art,” with an extra one on “The Later Period of 
Archaic Greek Sculpture.” The lecture-room was crowded 
with students and visitors. The five previous lecture 
treated of the eurlier stages of Greek art from its rude 
beginnings at Mycene to the period when great advances 
hed been made in the casting of bronze, when marble 
had come into more general use as the material of 
sculpture, and when we first found Greek inscriptions on 
works of art. In these five lectures Greek art was traced to 
as late as about B.C, 520. The later archaic period might 
be conceived as extending over about the half century from 
B.C. 520 to about B.C. 470, soon after which date Phidias 
flourished. This period of fifty years was pregnant with great 
historical revolutions, the ultimate results of which were to 
establish the pre-eminence of Hellenic civilization and 
secure the national independence. Within this period fell the 
expulsion of the Pisistratide from Athens, the defeat of the 
Carthaginians by Gelon, and his rule and that of his brother 
Hiero at Syracuse; the revolt of the Ionians from Persia, 
and their final submission after the fall of Miletus; the 
successive victories of the Greeks over the Persians at 
Marathon, Salamis, Platea. In the same age 

under Phrynichus and Aischylus was developed at Athens, 
Pindar flourished, and Recedeenn was born. The progress 
of art during the same period was commensurate with 
these great changes. One principal cause of this was the 
growing importance of the great Agonistic festivals, & 
pecially of that of Olympia. ft became the custom for vie 
torious athletes or winners of the chariot-race or horse-ract 
to dedicate statues and groups in commemoration of their 
victory either at Olympia or in their native cities. Bronze 
was the principal material used, and thus the artists gradu 
ally learned how to represent groups in violent action, 
while their observation of nature was sharpened by the 
study of living forms. Ageladas, an Argive sculptor, who 
was the teacher of Phidias, made several of these groups 
Onatas, of Agina, was another celebrated sculptor of this 
period. He made at Olympia a group representing the 
Greek heroes casting lots who should fight with Hector, 
and other groups and statues at Olympia. Three artists of 
this period—Canachus, Callon, Calamis—are associated in 
the two well known passages of Cicero and Quintilian, 
from which we gather that in the judgment of Romaa 
critics Canachus and Callon were harder in style than 
Calamis and less true to nature. The most notable work 
from the Attic school in this period was the group o 
Harmodius and Aristogiton by Critius and Nesiotes, 
which we may form some notion from a group iv marble 
extant at Naples, from an Athenian coin, and from a vas 
Calamis, who was an Athenian artist, excelled in the repre 
sentation of horses, and commemorated the rr 
victories of Hiero by bronze groups at Olympia. Py 
goras of Rhegium was another sculptor who made statues 
of Olympic victors, and who is distinguished as having 
made considerable advance toward the more Co 
rendering of nature, especially in the representation of the 
surface of the body with its veins and muscles. 
temples built inthis period further promoted the progres 
of  pedines by the decorations they required in the metopes 


wm. A., 


and iments. Thus artists were exercised in the com 
= on of complicated groups of figures in the rout 
e lecturer then described the various drawings which 
were exhibited: Two metopes from temples at Selinus, 
Sicily (the earlier might date from as early as B.C. 600, the 
other probably as late as B.C. 470); one side of the frieze of 
the Harpy tomb; casts'of two sphinxes from Xantbus;# 
bronze representing the Apolio of Miletus; the wester 
— of the temple of Athene, at gina; a coin of 





| 


| 


racuse of the time of Gelon I.; a terra-cotta figure 

amirus, in Rhodes; the warrior on an Athenian 8 
Aristocles; a seated figure of Athene, from Athens— 
London Times, 
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EELS.* 
(Anguilla acutirostis.) 
PRESENT KNOWLEDGE OF THE EEL. 


which streams together combine to form the Oswego River. 
It;is a small fishery, which has had an existence of twenty-five 
years, It is the property of James Devlin, and I under- 
stand bas had an average value of $300 fbr yoy an 
equivalent of $7,500—110,000 pounds of eels and 





Tue cel has long figured as one of the most mysterious | 72,000 live eels. 


ofanimals. F 
or less discussion 
of worms produced b : 
against rocks, from the fragments of which young eels 
are born.” Thus from the fourth century before Christ, 
to the year 1873, the eel has been the afflicted object of all 
manner vf absurd theories trom a long list of investigators. 
In the year mentioned, Dr. Syrski read his observations on 
the Italian eel, A. eulgaris, before the Academy of Natural 
Sciences at Triest. Investigations were begun on the 29th 
of November, 1873, and the second eel opened showed the 
generative organs of the male. This was the first male eel dis- 
covered, the announcement of which was sent to the 
Academy of Sciences at Vienna. The same investigator 
continued his vbservations, rectified many mistakes con- 
cerning the organs of reproduction in the female, and gave 
much additional information, Later on Prof. Packard ‘‘ie- 
tected the mother cells, and Mr. Kingsley observed moving, 
active spermatozva.” The knowledge of the breeding 

ds of the eel was bound up in the following ex- 
pression, taken from page 447 of Packard’s “‘Zoology:” ‘It 
s probable that the eel escends rivers in October and No- 


Aristotle maintained that it “is born 


Y : 
vember, spawning in autumn and early winter at the mouth 


of rivers and in harbors and estuaries in shallow water.” 
This sentence really pe se all that was conjectured or 
known about the breeding grourds of the eel up to within 
afew short months. About the time [ was making my obser- 
yations along the Oswego River, a double article appeared 
in the New York Temes, the first producing evidence con- 
firmatory to the theory of breeding in the mouths of rivers, 
and the other, by John G. Sawyer, showing that eels may 
breed in any soft mud of flowing water. This article was re- 
rinted in SUPPLEMENT, 239, of the ScrENTIFIC AMERICAN. 
Ky investigations, I think will show bow near the truth the 
double Times article was. 


ORIGLN OF THE O8SWEGO RIVER INDUSTRY. 


The eel industries of the Oswego River are nearly ten de- 
cades old. Toward the close of the 18th century, one John 
Van Buren erected a log-hui in the woods along the Os- 
wego River, then regarded as the extreme western verge of 
American civilization. Following on his track people be- 
gan to settle around him, making the question of food 
supply the one most prominent to the hardy pioneers. The 
river rolled grandly by uninterrupted by its present dams 
or the hum of gigantic industries. Its waters were stocked 


witb fish, among which common eels, then extraordinarily | 


lenty, attracted the speculative attention of John Van 

uren. He accordingly began a fishery and found a ready 
market among his fellow neighbors. hus was begun an 
industry which has since assu.ned sufficient proportions to 
furnish profitable employment for many people. Let me 
say right here that Peter Van Buren, the son, succeeded 
the original John, and was followed by his son Isaac in the 
fisheries. The latter lives to-day in a pleasant frame farm 
house, on the same spot where the first log-hut “was erected 
years ago near Battle Island, famous in history. 


HISTORY OF THE INDUSTRY. 


There are five great fisheries on the Oswego River and its 
tributaries, situated at Battle Island, Fulton, Horseshoe 
Dam, Jack’s Rifts, and Caughdenoy. Battle Island, where 
the fisheries originated, has been continuously fished for 
overeighty years. Mr. Charles Peckham, a lock tender on 
the Oswego canal, who now rents the weirs there, gave me 
the information concerning the fishery, which is here repro- 
duced in brief. The best catch was obtained in 1836, when 
$800 worth of eels were secured, an equivalent of 11,5 0 
pounds dressed. For several years past the catches have 
been light, not worth over $200 per year, owing to the 
water which has never been so low as during 1580. The 
market for this fishery is chiefly now amonz the canal boats. 
Eels are also shipped to Fulton, four miles distant, and Os- 
wego, eight miles away. The following table gives the 
best approximate result of the fishery for eighty years that 
could be obtained: 


Value Pounds. 

Greatest haul, in 1836......... iatdoenicndel $800 11,428 

eee 200 2,857 
Average per year...... eer ee «vec $500 


Eighty years at $500 per year, equals $40,000, an equiva- 
lent of 571,000 pounds of dressed eels, or 881,000 live eels. 
An average value of seven cents per pound is made use of 
here, which value is generally agreed upon by all fishermen. 


FULTON 


At Fulton, Lewis Fuller has fished since 1846. The river 
has been fished here for fifty years. The following statis- 
ies were secured at this point: 


Value. Pounds. 

Greatest catch, in 1862...... kates dine ee $1,400 20,000 

Least catch, in 1880..........e...eese0s 200 2 857 
ot aied Siu id ood 6 hoa a aia $800 


Fifty years at $909, is equal to $40,000, an equivalent of 
571,000 pounds of dressed eels, or 381,000 live eels. 

The largest catch ever made at this point was 1,150 
pounds in one night, an equivalent of 800 live eels. The 
number of live eels are obtained in this manner: an average 
eel weighs two pounds. One-third of this is lost in dress- 
‘ng. Now, to the number of pounds of dressed eels add 
one-third the weight and divide the result by two, which 
will give an approximate idea of the number of live eels. 
The markets for Fulton eels are Rochester, Buffalo, Syra- 
cuse, Oswego, Chicago, and Fulton. Chicago receives its 
Supply muinly from ecls shipped to Syracuse, the greater 
shipments being in cold weather. 


HORSESHOE DAM. 


Horseshoe dam is situated four miles above Fulton, and 
is fished by Lewis and Levi Montague. It has been fished 
for sixty-five years, and has an average value of $850 
ek ar in its fisheries—an equivalent of $55,000 for that 
live og time, 790,000 pounds of dressed eels, and 475,000 

s. 


JACK’S RIFTS. 
“Jack’s Rifts” are situated on Seneca River about | 


four miles up from its junction with the Oneida River, 


* A paper read by Wm. Hosea Ballou before the Chicago Academ 
M Science, on Tuesday evening. Dec. 14, 188. 


For 2,2~0 years it bas been the object of more | 


mud; Pliny, that it rubs itself 


CAUGHDENOY. 


The most important of these fisheries are situated at 
Caughdenoy on Oneida River, twelve miles from its junc- 
| tion with the Oswego River. They have been active for fifty 
| years. There are some twenty men at work here day and 
| night, who run ten weirs. One firm is composed of Jeffer- 
son and Nell Hopkins, David Buss, and Frank Palmerton. 
It has operated for twenty-two years. Their largest catch 
was in 1874, when $1,000 worth of eels were secured 


equivalent of 160,000 pounds of dressed and 107,000 live 
;eels, ‘The markets for these fisheries are Fayetteville, Syra- 
cuse, Rochesier, and Amsterdam. Wm. Rbines has fished 
for nine years here, for which he has received $2,000, an 
uivalent of 22,000 pounds of dressed and 14,0 0 live eels. 
essrs. Guard & Van Antwerp have fished for fourteen years, 
for which they have obtained $5,000, an equivalent of 55,- 
| 000 pounds of dressed and 36,000 live eels, 
| ‘The following table shows the approximate value of the 
combined tisheries for Caughdenoy. 


Value. Pounds. 
Known value for 22 years........ .-.. $22,000 314,000 

(equal to 158,000 live eels.) 

| Approximate value for previous years... 28,000 400,000 


(equal to 170,000 live eels.) 





$50,000 714,000 
475,000 live eels. 


The following table shows the value and extent of the 
entire industry of the Oswego River. 


Ce eee eee eee ee ee eee 


} Total 
| 
| 





Lb. eels No. 
Value. dressed. live eels, 
Fishery at Battle Island for 80 
MEE cacheus ctnaseed ja>-.0es $40,000 571,000 380,000 
Fishery at Fulton for 50 vears, 40,(00 571,000 380,0L0 
Fishery at Horseshoe Dam for 
DN ace cs dsahlerceces 55,000 790,000 475,000 
Fishery at Jack’s Rifts for 25 
WEEE ct<éned  heessaneséuae 7,500 110,000 72,000 
Fisheries at Caughdenoy for 50 
We ec dasededastrecsestes 50,000 714,000 475,000 
, ey $192,500 2,756,000 1,782,000 
Average per year, 52years, 3,500 55,000 35,000 





PHYSICS OF THE RIVER. 


The physics of the Oswego River has been a perme | 
interesting studytome. I have already covered the subject 
in an article published in the American Naturalist for Febru- 
ary, 1880, entitled ‘‘ Water Sheds of the State of New 
York,” from which I take the following information: 

“* The most powerful water shed of the state is drained 


. The} 
fishery for the specified time has produced $15,000, an | 


poor. On account of this fact, few are taken by the fisher- 
men. Being small they either oy through the weirs and 
fences, or are thrown out by the fisherman ‘to grow,” as 
they say. One fisherman whom I asked if he bad ever seea 
a male eel, stated that he had examined the stomach: of a 

t many eels, but had never seen one, . The reason why, 
Is obvious. In the first place he always examined the 
largest female he could find, and in the next the organs 
of generation in the male are miscroscopic forms, hardly 
visible to the unaccustomed eye. There were thiee eels ut 
the Exposition just closed in this city, all of which, I. be- 
lieve, were niales. 


SPAWNING GROUNDS. 


Mr. Sawyer, in the New York Times article alluded to, 
shows conclusively that all eels do not go to the sea to 
breed. 1am convinced, first, that eels do not breed in the 
ocean; second, that some breed well inland. 1 base m 
| first opinion on well authenticated evidence that large eels 
are seldom found in the ocean, and that eels prefer and do 
breed in the deep mud at the mouths of rivers, at the head 
| of high tide. Further on the ocean breeding of eels I have 
nothing to offer. As to their breeding inland I have sat- 
isfactory (tome) proof. First, on the evidence of Mr. Saw- 
yer, who claims to have found them breeding in a pond 
near Saw-Mill Bift, Delaware, his home. 

Iam convinced that eels breed in the Oneida Lake, for 
these reasons: The fishermen alluded to in this paper gener- 
ally state that eels breed there; it is a great resort for the 
fish, and they are seen here in large numbers during low 
water. In August the fishermen say the eels are ‘‘on the 
grass,” to use their own expression. Few eels ure ever 
caught in this month, the best fishing being from May into 
July, and from September through October. By “on the 
grass” the fishermen mean that in July they find them 
often in balls like snakes, into which a spear is thrown, and 
many secured atonce. They are found at this time among 
what is known as eel grass. Here they congregate 
and become pregnant. The eel grass ws in the soft 
mud with other weeds. The fisherman described to me a 
** jelly-like substance,” as they say, in chunks the size of 
the two fists, which they find here occasionally in the early 
winter, which, from their description, is probably eel 
8 





wn. 
Pair. Fuller described to me his experience with some of 
this spawn. He reserved a _ on the edge of the river 
near his fishery at Fulton. e watched the growth of the 
minute fishes in embryo. One morning he visited his 
miniature pen to discover that the young fry had escaped, 
True to their instinct, the young eels bad crawled out of 
their pen on their first exit from their confinement as 
embryos. It is a well established fact that young cels are 
adepts in scaling almost any dam. Mr. Wesley, of Evuns 
ton, an old English fisherman, related to me several days 
since how forty years ago he used to- watch young eels in 
springtime climb the rocks damming a smal) stream in the 
old country. Their breeding babits were familiar to him 
as far back as 1830. His statements are entirely confirm- 
atory to the fact of their spawning in part in tide waters. 








by the Oswego River. Its area contains no less than seven 
thousand square miles of territory. It comprises the well 
known chain of lakes, some of which are of consider- 
able size and importance—the Oneida, Cayuga, Seneca, etc., 
amounting to over four hundred square miles of lake sur- 
face. Besides beingin themselves natural reservoirs, the 
State has further improved Seneca lake so as to regulate the 
periodical flow of the water. The average flow of the 
water is thus secured at about 600,000 cubic feet per minute. 
Twenty miles above the mouth of the Oswego River is Three 
River Point. From this place, down stream, there is a fall 
of water amounting to seventy-five feet. This space is 
taken up by seven dams erected and maintained by the 
State. Of these, two are situated at Oswego, covering a 
fall of forty feet. These dams accord hydraulic privileges 
equal to 25,000 horse power. But a moderate outlay is 
required to keep the flow in the river near the average for 
the year. 150,000 cubic feet of this water supply is in 
actual use in Oswego, where the canals are provided for 
the reception which furnishes 82 runs of first-class water, 
and 37 of the second class. 

“Two dams are situated at Fulton with 20,000 horse power. 
| At this point the water privileges are easiest available, 
lalthough Oswego has the greater representation of in- 
dustries. 

‘“‘The Oswego River water shed produces clear cold 
water, which is perfectly under control of man, no matter 
|what the circumstances or exigencies. The river bank 
forms a line teeming with industries, with millions of dol- 
larsinvested. This water supply never endangers the lives 
of citizens or encroaches on their property, but onthe con- 
trary, affords a roadway for inland navigation through the 
canals which it feeds.” 


FISHING APPARATUS. 


But reverting again to the inland eels, it will uire 
nothing less than a marked female, let loose in Oneida Lake 
and caught in the act of spawning in the tide waters of the 
St. Lawrence River, to convince me that these eels travel 
800 or 1,000 miles to breed. 

As to young eels the fishermen have never seen them 
running up stream in the river in question, nor in the river 
at all. Every fisherman with whom I conversed claims 
that the eel breeds in Oneida Lake. To cap the summit of 
my beliefs I will say that as soon as I began to arrange my 
material for this paper I examined all my scientific data 
gathered through years, I might say since I was fifteen 
years of age, and found that in the spring of 1874, a friend 
and myself observed little eels, scarcely two and one-half 
inches in length, among the eel grass of a mill pond on 
Little Salmon River, = Menten, Oswego county, New York. 

The following characteristic letter received a few days 
since tends to confirm the above: 


HerRMANVILLE, N. Y. (HorsesHor Dam), Oct. 31, 1880. 
Wo. H. Bauuovu, Evanstown, Il. 

Dear Sre: I received your letter in regard to 
catching eels with pleasure. I have taken these 
fish here for forty-one years. My father commenced 
fishing after the war of 1812, and continued until he was 
sixty-five years old. In 1864 [ made $1,400, and this 
_ will not receive more than $300. The greatest catch 

ever made in one night was 1,400 pounds. I have five 
weirs. The Leather Stocking Club of sportsmen made 
such disturbance that I did not accomplish much during 
the fore part of the season. I know that eels breed in 
Oneida Lake. They hang on the eel-grass there three or 
four days in the month of August. That is the time they 
become pregnant, for I never saw any preliminary signs of 
breeding at other times. I kept one man in my employ. 





It will be seen from the above that this ges body of 
| water has a tremendous current. It is in the rapids and 
swift places that the weirs by which the eels are caught 
are set. A weir, I may say to those who are unacquainted 
with its structure, is a large sieve, or oblong box, about 12 
| by 8 feet in size, open at the top and one end, with a 
bottom of slats so arranged that the water may pass 
through. Fences, made eel tight—that is, so constructed 
| that water, but not eels may pass through them, are run 
|diagona!ly down from opposite sides of the river. The 
weirs, sometimes two, and again one, are placed in the inter 
sections of the fences or leads. Eels are suid to always 
run down stream, and when they arrive at a fence they 
take a lightning speed which throws them at the gates 
| out into the weirs, where a man usually stands to capture 
'them. The apparatus has been rendered in part useless 
during the past summer by an unprecedented season of low 
water. It will be remembered that a great drought has 
revailed in the East this year, which accounts for it. The 
Biate reservoirs were not sufficiently large to provide for 
such a season. Though quite low in 18/3, it was lower on 
Sept. 18, than it has been since 1849. Besides the drought, 
other causes conspire to make low water. The Oswego 
| River is lined with great manufacturing interests, which re- 
| quire a large portion of the water to keep them running. 
Tie effect of these is more and more marked as one trave 
up theriver. Low water has made eels scarce. No fisher- 
|man can count on more than from two to four hundred 
| dollars’ worth of fish this season. In fact careful estimates 
| show a gradual falling off both in the eel and water supply 


| for several years past. 
SEX IN EELS, 


I sent eels as far East as Albany last year, and have sent to 
to your city (Chicago) and Philadelphia this summer. . 
Yours truly, Lewis Monraeve. 


SCARCITY AND PLENTY. 


I have out stated that for several years past eels have 
wn less and less in numbers, and that it was in part due 
to the drought and absorption of the water by the mills. 
Let me elaborate. The average flow of the Oswego River is 
600,000 cubic feet perminute. The water is a foot lower 
this season than low water mark, reducing thie flow from 
the average to not more than 400,000 cubic feet per 
minute. 

This drought has, no doubt, destroyed many eels, because, 
as I shall show hereafter, they can live on water alone for 
a long time, and it is necessary to have a good and fresh 
supply to insure their keeping. Another note is this; eels 
are taken most plentifully in heavy rainstorms. They 
spend much time in the mud. Consequently when it rains 
the water is roiled, and true to their instinct, they are not 
disposed to distinguish the difference between it and the 
soft mud. Since it bas not rained during the last summer 
—- have retired deeper and deeper into the mud to exist, 
and have not run in any numbers. The extent of this mud 
in these inland lakes is this: I have seen the top end of a 
fifteen foot pole disappear from sight in it, without much 
effort on the part of the experimenter. I consequently think 
that the cels are not disappearing from the river, but are 
simply awaiting heavy rains to appear again in vast num- 
bers. I should not be surprised if any excessive breeding 
during the past summer bad been prevented by the drought. 


FOOD OF EELS. 





There is no lo any question as to the difference 
nine Meme md The males are usually small 


The food of eels forms an interesting study. They are 


and | among the most voracious of carnivorous fishes They eg 
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most inlan 
vestigation of 600 stomachs by Oswego River fishermen | 
showed that the latter bony fish never had a place on their 

bill of fare. They are particularly fond of game fishes, 

and show the delicate tast of a connoisseur in their selec- 

tions from choice trout, bass, pickerel, and shad. They fear 
not to attack any object when disposed, and their bite in 

human flesh shows even a vicious attitude toward man. 

On their hunting excursions they overturn huge and small 

stones alike, working for hours, if necessary, beneath which 

they find species of shrimp and cray-fish, of which they 

are exceedingly fond. Of shrimps they devour vast num- 

bers. Their noses are poked into every imaginable hole 

in their search for food, to the terror of innumerable small 

fishes. 

Eels are to the water what the fish hawk is to the air. 
They are perhaps the most powerful and rapid of natato 
rians. Again, they hide in the mud beneath some log or 
overhanging rock and dart out with tremendous fury at 
the unsuspecting prey. They attack the spawn of other 
fishes open-mouthed, and are even said to suck the eggs 
from an impaled female. They fearlessly and rapidly dive 
head foremost in the mud, disappearing from view in the, 
twinkling of a star. They are owl-like in their babits, com- 
mitting many of their depredations at night. 


EELS AS FOOD. 


No fish is yet reported to utilize a grown eel as food. 
Pickerel, garfish, and bass, which are particularly nume- 
rous in these lakes, are supposed to literally devour the 
young fry. Mr. Sawyer describes the operation of the 
pickerel darting through a long column of young eels, 
open-mouthed, and devouring vast numbers of them, 

As a food for man the eel is a favorite to those who have 
tasted its meat smoked. Eels are shipped smoked, dressed, 
and alive, Previous to being smoked they are saited for 
twenty-four hours, freshened and smoked over a cob fire 
from two to three hours. When dressed they are opened 
on the abdomen, skinned, and shipped in powdered ice. | 
When shipped alive they are packed in a barrel, with a 
chunk of ice, in which way they will keep twenty-four 
hours alive, and often longer. 

NATURAL HISTORY NOTES, 


Endurance.— The subject referred to last brings up an 
incident. On my return from Caughdenoy to Fulton, one of 
the hottest days in summer, I put an eight-pound female 
eel iv a small air-tight wooden box. In this manner I kept 
it some five hours, carried it twenty miles on the cars, and 
put it in a large tub of water, where it lived thirty-six 
hours. 

On this subject Frank Buckland writes in Land and 
Water: 

“ The eel, as is wed-kuown, will live a long time out of 
water. This habit is of the greatest service to him, as some- 
times it is necessary for him to migrate from place to place 
by an overland route. To enable him to live out of the 
water the eel has a most elaborate yet simple form of mech- 
anism, by means of which he is enabled to keep his gills 
moist even though he is not in the water. It will be ob- 
observed that immediately, or if not very soon after, an eel 
is taken out of the water, two great swellings will take 
place on each side of the head, and if the eel is placed back 
in the water this swelling will immediately disappear. Let 
us now take a dead eel; we shall find close to the pectoral | 
fin aslit in the skin which acts as a valve. If we take a} 
probe and pass it through this slit we find that it enters a 
large cavity; next, take a pair of scissors and cut open this 
cavity; inside we shall find the gills proper. It is this 
cavity which the éel has the marvelous power of filling with 
water, and keeping a supply which shall not allow the gill 
fibers toadhere together, and thence of necessity stop respira- 
tion. ‘This cavity is, of course, made of alarge and loose skin- 
like membrane, which holds the required quantity of water; 
but in order to enable him to fill and empty this cavity, an 
elastic yet firm mechanism of some kind is absolutely | 
necessary. 

See for yourself what a beautiful piece of machinery is 
provided by the Creator. A framework of very delicate 
bones, euch bone connected with its neighbors by an elastic 
membrane of the consistency of gold beater’s skin, forms a 
fan-shaped covering over the gills; its action is very like, if 
not exactly the same as, the action of an umbrella, When 
the eel wishes to take in his water supply he, as it were, 
opens the umbrella shaped framework and fills his reservoir; 
when he wishes to expel the water he, as it were, closes his 
umbrella, as his reservoir is no longer required to come into 
action 

If an eel be taken out of the water and laid on the floor of 
aroom, and left there for some time, it will be seen that he 
will very soon expand his reservoir. After a time he will 
be desirous to refill his reservoir; take him up, and put his 
head into a basin; you will see that he will immediately 
take two or three great gulps so as to restock his breathing 
bags. It is by this beautiful piece of mechanism that the | 
eel is enabled to live so much longer out of water than any 
other fish: and also, as I have stated before, to shift his | 
quarters when it is desirable to do so. 

Mr. Hopkins, of Caughdenoy, told me that a dozen eels were 
kept in a crate anchored in the current for ten months with- | 
out food. At the end of that time the box was let loose by | 
a flood and is floating now, for aught know. The incident | 
illustrates the fact that fresh water is the staple food of the | 
eel, particularly the female. The eels were boxed for the 
express purpose of experimenting on breeding. Unfortun- 
ately the largest specimens were selected for the experiment, 
which were of course entirely females. — I believe that if both 
males and females were put in a large water crate, and 
arranged with soft mud and weeds on the bottom, they would 
breed at the proper time 

Tenacity.—When an eel gets into a slit in a weir, it 
squirms to get through They. are wedged in so tight 
sometimes that the fisherman simply cuts off and saves the 
part remaining above the slits. 

The largest eel ever taken by the fishermen weighed 
twelve and one-half pounds, and was caught at Horseshoe 
Dam. 

A large catch on any particular night in the fall is regarded 
as foretelling a frost by fishermen 

The leneth of life in the eel is practically unknown 

In conclusion, permit me to say in behalf of the now per: | 
secuted fishermen of the Oswego River and the State of | 
Delaware: 

That I believe their fence dams are of great benefit to the 
State in holding back and retaining the water when it is| 
low; } 

That the eel is a terrible enemy of game fish, particularly 
bass and trout, and its extermination is advantageous to the 
protection of those fish; 
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deavoring to pass laws to harass or break up the fisheries, 
are common enemies of a lawful industry, the interests of 
science, and the most enlightened views of this enlightened 
age.—Chicago Field. 


ALKALI WASTE AS A MANURE. 


At a recent meeting of the Farnworth Agricultural So- 
ciety, Mr. Gossage called the attention of the farmers 
present to the value of alkali waste as a manure. This sub- 
stance is well known to have accumulated in the Widnes 
District to a serious extent, and any method by which it 
might be utilized or even got rid of would prove a great 
boon to the neighborhood. Mr. Gossage informed his 
hearers that alkali waste consists of calcium sulphide and 
sulphate, the former ingredient rendering it a valuable ap- 
plication for land foul with weeds, noxious insects, etc., 
while the sulphate, otherwise known as gypsum, fixes am- 
monia and decomposes the alkaline silicates of clay soils, 
thus rendering their potash available for the demands of 
vegetation. He recommends it to be applied to the extent 
of about twenty-five to fifty tons per acre, being spread 
evenly over the fields early in the autumn, and left to lie for 
a month or six weeks before being plowed in. He adds the 
caution that a sufficient time must be allowed to pass over 
before any seed is sown in land which has been thus treated. 
As, however, the production of alkali waste at Widnes 
amounts to 1,000 tons daily, it appears doubtful if a suffi- 
cient quantity of land requiring such dressing is to be found 
within prohibitive distances. Nor must it be forgotten that 
the constant application of a manure which supplies neither 
hosphoric acid, nor potash, cannot be long con- 


) 
tinued. ; am the fact that fresh applications have still to 


be sought for alkali waste, it may be inferred that the suc- 
cess of the processes for the regeneration of the sulphur 
present is less decisive than might be wished. 


LAWN GRASSES. 


A LAWN always handsome adds great beauty to | 
any country or village residence; but the matter of making 
and keeping it so is found some trouble by many. We) 
have mixtures of seeds, sold by seedsmen, claimed to be 
specially adapted to the lawn, but they often fail to prove 
entirely satiafactory. A better result is often attained by 
simply relying upon manuring with manure from stock fed 
on old meadow hay. Either of the following grasses will 
give alone a fine sod, and often succeed where other varie- 
ties will not: Poa annua, a soft, dwarf grass; common 
around back doors of old residences, foot paths, and shaded 
places, will often succeed in places where no other grass 
will grow, such as on the northerly side of buildings, or 
beneath the drip of trees. It also thrives admirably in 
shaded angles much trodden. Probably the seed of this 
little poa (which is true to name), sold in this country, is 
imported. A small quantity of seed suffices to cover the 
ground in a few years, where there is sufficient richness of 
soil, The other species is that very common wayside grass, 
a species of red-top, which differs from ordinary red- 
top ( Agrostis), as sold in the seed stores, in size and charac- 
terof growth. This grass is specially adapted for dry and 
gravelly soils not abundantly supplied with manure, but is 
easily » emeos by plowing, although it will bear closer 
feeding than Poa pratensis, The annual poa is claimed 
by botanists to be an annual, but it can hardly follow the | 
law of common annuals, as it will continually reproduce | 
itself when cut with the lawn-mower. May there not be 
reason to believe that some other plants, if not allowed to 
seed heavily and often cut, will survive more than one 
winter? A thin soil, beavily manured in spring, induces a 
rank growth, requiring frequent cuttings, expending the 
necessary store of water in the soil, showing often withered 
spots by August and September.— W. H. White, in Country 

‘entleman. | 





WHAT TO DO WHEN AT A LOSS. 


SPEAKING of the recognition of the forms of disease, Dr. 8. 
Weir Mitchell has used, in one of his gracefully written popu- 
lar articles, the admirable simile that the faint indications of 
the nature of a malady are, at its outset, as if we saw only the | 
first one or two letters of a word, and were seeking to read 
it all. These initials enable us only to classify it under some | 
wide rubric, not to identify it; we wait bours or a day and 
other symptoms arise. We see other letters of the word, | 
and as one after another is revealed the import and full 
meaning of the whole at length is disclosed. 

But we cannot stand idly by and wait until our informa- 
tion is complete before we lend a helping hand. Something 
must be done at once; something useful, beneficial, at least 
not harmful. Many a time does the physician find himself 
in this predicament. He sees the case early; he can form 
no diagnosis, but he is called upon to prescribe. Beginners 
especially find themselves at a loss on such occasions. 

Some years ago Dr. Robert Barnes, of London, delivered 
a quaint lecture, in which he faced this difficulty. From 
his solid suggestions and from some other sources, we be- 
lieve we can advance with confidence some general rules 
which will serve a good turn ata pinch. The first rule to 
be adopted is to— 

Enjoin rest. This is a good rule; good for the patient and 
good for the physician. The Pharmacopeia contains no 
remedy of so much value and of such universal application. 
At the outset of many an acute complaint rest to the part 
and to the system is all that is demanded to insure recovery, 
safely, speedily, and comfortably. It has also its advantages 
for the medical attendant. It gives him time to observe 
leisurely and to watch under favorable conditions the devel- 
opment of ulterior symptoms. It is obvious, however, that 
it is not enough to satisfy the expectationsof the patient, no 
matter how much it satisfies al the requirements of the 
case. The doctor is expected to give something; to adminis- 
ter some of the contents of those mysterious and attractive 
bottles and jars which adorn the shelves of his right-hand 
man, the apothecary. Barnés’ rule is, here— 

When in doubt, give salines. He wisely observes that there 
is hardly any disease in which salines will not do good in the 
beginning. What is not less important, there is hardly any 
disease in which they willdo harm. They give favorable 
relief to general and local congestion, and they afford time 
for observation. Moreover, their variety is great, and their 
strength can be adjusted to the demands of the most delicate 
cases. The thirdrule may be to 

Relieve any organ functionally disturbed. This, however, 
requires to be admitted with some exceptions, and to be 
carried out with discretion. For example, it is not always 
wise to purge when the bowels are constipated. On the 
contrary, opium may be indicated, as in intussusception. ' 


|commencement, January 1, 1876, can be had. 


rT fishes except the garfish and the chub. In-| That the sportsmen of Northern New York who are en- |The relief of the organ may often be brought abouty 


better success by indirect measures. bus, an en 
liver is most promptly relieved by stimulating the fur 
of the kidneys; and numerous examp!es of the kind 
occur to every reader. The fourth rule is to 

Avoid committing yourself, As it is often impossible py 
tively to know the complaint before you, it is equally egg 
tial neither to express a decided opinion nor to fet it be 
that you have none. A mistake made at this momeng 
either side will be damaging. Those who boast that 
can see through a disease at a glance are shallow people, 
but one step above those qyacks who advertise to tel] 
complaint without asking the patient a question. Ne 
is lost, and often everything is gained, by thoroughness, 
soundest physicians are those who proceed warily. 
and greatest as well as the oldest maxim to be obse 
that which we owe to Father Hippocrates. It is to 

Do no harm. If none of the above precepts seem 
cable to the case before you, at any rate take care 
you do nothing to aggravate the condition of your 
Recollect that there is at least a grain of truth in the 
cal remark quoted by Mr. Francis Galton, in his “ Art 
Travel,” to the effect that there is a great difference betyw, 
a good physician and a bad one; but very much less be 
a good physician authnone at all. : 

If an observance of the above does not carry the neophg 
through the awkwardness of all his first visits, and sp 
the more experienced an occasional attack of wo 
they will, at least in many instances, help him thro 
slough of doubt.—Med. and Surg. Reporter. 


A CATALOGUE, containing brief notices of many impo 
scientific papers heretofore publjished in the Suppur 
may be had gratis at this office. 
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